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TASK I.F: QUALITY ASSURANCE 

 
 
The objective of this task was to improve the quality assurance program (QA) for design, 
construction, and operations to provide greater assurance that plant design, construction, and 
operational activities were conducted in a manner commensurate with their importance to 
safety.  
 
ITEM I.F.1: EXPAND QA LIST 
 
Description 
 
Historical Background 
 
The Three Mile Island (TMI) Action Plan48 identified that several systems important to the safety 
of Three Mile Island Unit 2 (TMI-2) were not designed, fabricated, and maintained at a level 
equivalent to their safety importance; i.e., they were not on the QA list for the plant. This 
condition existed at other plants and resulted primarily from the lack of clarity in U.S. Nuclear 
Regulatory Commission (NRC) guidance on graded protection. Evaluation of this issue included 
the consideration of Issue 5 (see Section 3). 
 
Safety Significance 
 
One of the difficulties in establishing a QA list based on safety importance was the absence of 
relative risk assignments to equipment. At the time this issue was initially evaluated, QA 
requirements were applied principally to structures, systems, and components that prevented or 
mitigated the consequences of postulated accidents that could cause undue risk to the health 
and safety of the public (Title 10 of the Code of Federal Regulations (10 CFR) Part 50, 
“Domestic Licensing of Production and Utilization Facilities,” Appendix B, “Quality Assurance 
Criteria for Nuclear Power Plants and Fuel Reprocessing Plants”). 
 
Possible Solution 
 
The TMI Action Plan stated that the NRC would develop guidance for licensees to expand their 
QA lists to cover equipment important to safety (ITS) and rank the equipment in order of its 
importance to safety. Experience in the use of the revised Office of Nuclear Reactor Regulation 
review procedure for developing QA lists for individual operating license applicants was to be 
factored into the generic guidance to be developed and when determining backfit 
requirements.48 At the time this issue was identified, there was a task underway to define the 
applicability of Appendix B to 10 CFR Part 50 to equipment that met the requirements of 
Appendix A, “General Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50. 
 
Priority Determination 
 
The principal benefit to be derived from an expanded QA list was the knowledge that adequate 
guidance provided to each licensee to establish QA programs and requirements that were 
commensurate with the safety importance of structures, systems, and components, as 
determined from completed risk assessments. This guidance would not only result in the 



 Revision 5 

September 30, 2011 1.I.F-2 NUREG-0933 

inclusion or addition to each licensee’s QA list of other ITS systems that were previously 
excluded but would also aid in clarifying the QA level of effort deemed necessary.  
 
The risk reduction was probably proportionate to the difference between what would normally be 
the level of effort expended and the level defined. At the time this issue was initially evaluated, 
there was no measure of risk variation as a function of the variance in QA level of effort. 
However, it appeared reasonable to assume that a significant reduction in public risk could be 
achieved at those plants where the QA levels were held to the previous minimum acceptable 
level. Important questions to which there were no answers were (1) the number of plants that 
would be designed, built, and maintained below the new quality acceptance level and (2) how 
far below the new level the QA programs of these plants would actually operate.  
 
Cost Estimate 
 
Industry Cost: It was estimated that (1) the plant user cost applied to 40 plants in the design 
phase or under construction, (2) an average of 0.5 man-year/plant was required to develop an 
expanded QA list, (3) an additional 0.25 man-year/plant over 4 years was required to ensure 
compliance with the added QA requirements, and (4) an additional 0.1 man-year/plant would be 
expended to ensure compliance with the expanded QA list during the 40-year operating life of 
each affected plant. These estimates totaled 220 man-years and, at a rate of 
$100,000/man-year, the total industry cost was estimated to be $22 million (M). 
 
NRC Cost: The NRC cost was estimated in the TMI Action Plan48 to be 2.5 man-years or 
$0.25M. 
 
Total Cost: The total industry and NRC cost associated with the solution was $(22 + 0.25)M or 
$22.25M. 
 
Conclusion 
 
Although a value/impact score was not calculated, the staff believed that the assurance of safer 
operation justified a high priority ranking for the issue. 
 
The original intent of this issue was to identify those systems, structures, and components 
beyond those labeled “safety-related,” prioritize their importance to safety, and prepare a 
generic QA list. This was reflected in 10 CFR 50.34(f)(3)(ii), which states, “Ensure that the 
quality assurance (QA) list required by Criterion II, app. B, 10 CFR part 50 includes all 
structures, systems, and components important to safety. (I.F.1).” However, the staff's “Interim 
Reliability Evaluation Program [IREP] Procedures Guide,” issued March 1983,812 failed to 
identify either the need for a QA list for ITS structures, systems, and components or the basis 
for a generic list even if one should be needed. The first four IREP studies performed at nuclear 
plants were reported in NUREG/CR-2787, “Interim Reliability Evaluation Program: Analysis of 
the Arkansas Nuclear One—Unit Once Nuclear Power Plant,” issued June 1982;366 
NUREG/CR-2802, “Interim Reliability Evaluation Program: Analysis of the Browns Ferry Unit 1 
Nuclear Plant,” issued August 1982;367 NUREG/CR-3085, “Interim Reliability Evaluation 
Program: Analysis of the Millstone Point Unit 1 Nuclear Power Plant,” issued April and 
July 1983;810 and NUREG/CR-3511, “Interim Reliability Evaluation Program: Analysis of the 
Calvert Cliffs Unit 1 Nuclear Power Plant,” issued May and October 1984.811 The staff’s 
resolution of the IREP issue is discussed in Item II.C.1. 
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In January 1984, the NRC issued Generic Letter 84-01, “NRC Use of the Terms, ‘Important to 
Safety’ and ‘Safety Related,’”1177 to clarify agency use of the terms “important to safety” and 
“safety related.” This letter summarized the NRC’s intention to pursue QA requirements for ITS 
equipment on a case-by-case basis; further clarification was provided in the Commission’s 
Memorandum and Order CLI-84-91178 in June 1984. The first proposed rule on ITS was 
presented in SECY-85-119, “Issuance of Proposed Rule on the Important-to-Safety Issue,” 
dated April 5, 1985,1179 and was later disapproved by the Commission, which concluded that a 
specific listing of ITS equipment was not required to be maintained.1180 Thus, the issue of 
expansion of the QA list to cover ITS equipment was considered to be closed and was not 
addressed in the second staff submittal on the ITS rule in SECY-86-164, “Proposed Rule on the 
Important-to-Safety Issue,” dated May 29, 1986.1181 Therefore, this issue was RESOLVED with 
no new requirements.1182 
 
ITEM I.F.2: DEVELOP MORE DETAILED QA CRITERIA 
 
Description 
 
Historical Background 
 
The overall objective of this TMI Action Plan48 item was the improvement of the QA program for 
design, construction, and operations to provide greater assurance that plant design, 
construction, and operational activities were conducted in a manner commensurate with their 
importance to safety. Several systems important to the safety of TMI-2 were not designed, 
fabricated, and maintained at a level equivalent to their safety importance. This condition 
existed at other plants and resulted primarily from the lack of clarity in NRC guidance. This 
situation and other problems relating to the QA organization, authority, reporting, and inspection 
were identified by the various TMI accident investigations and inquiries.48 
 
Safety Significance 
 
The intent of this item was to provide more explicit and detailed criteria concerning the elements 
that, in general, were found in well-conducted QA programs. Providing these more detailed 
criteria was expected to result in the establishment of QA programs of the caliber desired. The 
NRC believed that such programs would result in the detection of deficiencies in design, 
construction, and operation. 
 
Possible Solutions  
 
The proposed more detailed QA criteria for design, construction, and operations included the 
following:48 
 
(1) Assure the independence of the organization performing the checking functions from the 

organization responsible for performing the tasks. For the construction phase, consider 
options for increasing the independence of the QA function. Include an option to require 
that licensees perform the entire quality assurance/quality control (QA/QC) function at 
construction sites. Consider using the third-party concept for accomplishing the NRC 
review and audit and making the QA/QC personnel agents of the NRC. Consider using 
the Institute of Nuclear Power Operations to enhance QA/QC independence.  
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(2) Include the QA personnel in the review and approval of plant operational maintenance 
and surveillance procedures and quality-related procedures associated with design, 
construction, and installation.  

 
(3) Include the QA personnel in all activities involved in design, construction, installation, 

preoperational and startup testing, and operation.  
 
(4) Establish criteria for determining QA requirements for specific classes of equipment such 

as instrumentation, mechanical equipment, and electrical equipment.  
 
(5) Establish qualification requirements for QA and QC personnel.  
 
(6) Increase the size of the licensees’ QA staff.  
 
(7) Clarify that the QA program is a condition of the construction permit and operating 

license and that substantive changes to an approved program must be submitted to the 
NRC for review.  

 
(8) Compare NRC QA requirements with those of other agencies (i.e., National Aeronautic 

and Space Administration, Federal Aviation Administration, U.S. Department of Defense) 
to improve NRC requirements. 

 
(9) Clarify organizational reporting levels for the QA organization.  
 
(10) Clarify requirements for maintenance of “as-built” documentation.  
 
(11) Define the role of QA in design and analysis activities. Obtain views on prevention of 

design errors from licensees, architect-engineers, and vendors.  
 
Priority Determination 
 
The NRC staff assumed that the above criteria would be adopted by the nuclear industry. The 
staff made a priority determination of the benefit of the above 11 items for improving QA. (The 
staff did not make a priority determination of the benefit of a QA program itself.) 
 
To address this issue adequately, improvement in the QA program must be developed 
independent of the performing organization. Furthermore, the QA organization must have the 
confidence and the ear of higher management so that QA concerns can be heard and acted 
upon. The deficiency of the effort called for in this issue was that the effectiveness of the 
improvement program depended on the acceptance, attitudes, and emphasis given by plant 
management to the benefits to be derived from a QA program. Licensees that placed a high 
importance on QA efforts would probably be able to incorporate the intent of the QA 
enhancement program without making major changes to their organizational structure or in the 
way they performed their plant operations. However, for those licensees that continued to do 
business “as usual,” the changes could be more cosmetic than real. They would probably seek 
ways to establish a QA organization that, on the surface, might appear reasonable but that, in 
reality, could be a “paper tiger.” Enclosure 1 of SECY-82-352, “Assurance of Quality,” dated 
August 20, 1982,308 states the following: “In sum, the fundamental issues can best be 
characterized as a lack of total management commitment to quality and the uncertainty in 
industry’s and NRC’s ability to detect and correct the resulting deficiencies.”  
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Conclusion 
 
Although the QA improvement program could result in the establishment of an improved QA 
organizational structure at many plants, the results depended heavily on management 
acceptance. Lack of program implementation and management acceptance, rather than 
inadequate criteria as suggested by this issue, were the primary causes of deficiencies in QA. 
Increasing the detail of the QA criteria had little potential for improving the quality of design, 
construction, or operation and, therefore, reducing risk. Items I.F.2(2), I.F.2(3), I.F.2(6), and 
I.F.2(9), which addressed the concern stated above, were included in the July 1981 revision to 
Chapter 17 of NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports 
for Nuclear Power Plants: LWR Edition” (the SRP).11  
 
The NRC believed that the issue of QA in nuclear power plants should be a high priority. 
However, the issue and solutions to QA deficiency as described herein (except for completed 
issues I.F.2(2), I.F.2(3), I.F.2(6), and I.F.2(9)) failed to address the problem of management 
acceptance of QA programs. Therefore, the residual items were given a LOW priority. 
 
The NRC staff conducted a review1964 of the seven LOW priority issues in 2010 to determine 
whether any new information would necessitate reassessment of original prioritization 
evaluations. The staff determined that the operating experience has not indicated a change in 
the safety significance of these issues. In addition, the staff verified that the current NRC 
regulatory requirements or guidance address these issues and identified the applicable 
regulatory framework as presented below. Because these items have been addressed by the 
existing regulations and the operating experience has not raised the significance of these 
issues, the NRC staff DROPPED these issues from further pursuit. The following section 
provides a discussion to demonstrate the application of the NRC regulatory framework for QA to 
each issue and to support their disposition. 
 
ITEM I.F.2(1): ASSURE THE INDEPENDENCE OF THE ORGANIZATION PERFORMING THE 
CHECKING FUNCTION 
 
This item was evaluated in Item I.F.2 above and was determined to be a LOW-priority issue in 
the main report of NUREG-0933, published in November 1983. In 1998, consideration of new 
information1715 on the lack of independence in the checking function submitted by Region IV in 
April 1997 did not change this conclusion.1716 
 
The staff conducted a review1964 of this issue in 2010 to determine whether any new information 
would necessitate reassessment of original prioritization evaluations. According to 
10 CFR 50.34(f)(3)(iii), “each applicant for a light-water-reactor construction permit or 
manufacturing license whose application was pending as of February 16, 1982,” in addition to 
“each applicant for a design certification, design approval, combined license, or manufacturing 
license under part 52” of 10 CFR, needs to “establish a quality assurance (QA) program based 
on consideration of: (A) Ensuring independence of the organization performing checking 
functions from the organization responsible for performing the functions.” In addition, 
Section 17.5 of the SRP11 states that “the QA program requires independence between the 
organization performing checking functions from the organization responsible for performing the 
functions. (This provision applies to DC applicant, ESP, and construction QA programs. This 
provision is not applicable to design reviews/verifications.)” 
 
The NRC staff concluded that this item has been adequately addressed by the NRC’s 
regulations and DROPPED this item from further pursuit.1964 
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ITEM I.F.2(2): INCLUDE QA PERSONNEL IN REVIEW AND APPROVAL OF PLANT 
PROCEDURES 
 
This item was evaluated in Item I.F.2 above and was determined to be RESOLVED when new 
requirements were established with changes made in July 1981 to Chapter 17 of the SRP.11 
 
ITEM I.F.2(3): INCLUDE QA PERSONNEL IN ALL DESIGN, CONSTRUCTION, 
INSTALLATION, TESTING, AND OPERATION ACTIVITIES 
 
This item was evaluated in Item I.F.2 above and was determined to be RESOLVED when new 
requirements were established with changes made in July 1981 to Chapter 17 of the SRP.11 
 
ITEM I.F.2(4): ESTABLISH CRITERIA FOR DETERMINING QA REQUIREMENTS FOR 
SPECIFIC CLASSES OF EQUIPMENT 
 
This item was evaluated in Item I.F.2 above and was determined to be a LOW priority issue in 
the main report of NUREG-0933, published in November 1983.  
 
Criterion II, “Quality Assurance Program,” of Appendix B to 10 CFR Part 50 states that “The 
applicant shall identify the structures, systems, and components to be covered by the quality 
assurance program and the major organizations participating in the program, together with the 
designated functions of these organizations. The quality assurance program shall provide 
control over activities affecting the quality of the identified structures, systems, and components, 
to an extent consistent with their importance to safety.” In addition, applicants or license holders 
commit to the following standards, which identify requirements for specific classes of equipment: 

 
• Subpart 2.4, “Installation, Inspection, and Testing Requirements for Power, 

Instrumentation, and Control Equipment at Nuclear Facilities,” American Society of 
Mechanical Engineers (ASME) NQA-1-1994 

 
• Subpart 2.5, “Quality Assurance Requirements for Installation, Inspection, and Testing of 

Structural Concrete, Structural Steel, Soils, and Foundations for Nuclear Power Plants,” 
ASME NQA-1-1994 
 

• Subpart 2.7, “Quality Assurance Requirements of Computer Software for Nuclear Facility 
Applications,” ASME NQA-1-1994 
 

• Subpart 2.8, “Quality Assurance Requirements for Installation, Inspection, and Testing of 
Mechanical Equipment and Systems for Nuclear Power Plants,” ASME NQA-1-1994 

 
Based on the review of NRC regulations related to this issue, the staff concluded that 
Item I.F.2(4) has been adequately addressed by the existing regulations. Therefore, the staff 
changed the status of Item I.F.2(4) and DROPPED this item from further pursuit.1964   

ITEM I.F.2(5): ESTABLISH QUALIFICATION REQUIREMENTS FOR QA AND QC 
PERSONNEL 

This item was evaluated in Item I.F.2 above and was determined to be a LOW priority issue in 
the main report of NUREG-0933, published in November 1983.  
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Criterion II of Appendix B to10 CFR Part 50 establishes requirements for the training of 
personnel: “The program shall provide for indoctrination and training of personnel performing 
activities affecting quality as necessary to assure that suitable proficiency is achieved and 
maintained.” In addition, Regulatory Guide 1.8, “Qualification and Training of Personnel for 
Nuclear Power Plants,”226 Revision 3, provides guidance that is acceptable to the NRC staff on 
qualifications and training for nuclear power plant personnel. This regulatory guide endorses 
American National Standards Institute/American Nuclear Society (ANSI/ANS)-3.1-1993, 
“Selection, Qualification, and Training of Personnel for Nuclear Power Plants,”253 with certain 
clarifications, additions, and exceptions.   
 
Moreover, 10 CFR 50.34(f)(3)(iii) states that “each applicant for a light-water-reactor 
construction permit or manufacturing license whose application was pending as of 
February 16, 1982,” in addition to “each applicant for a design certification, design approval, 
combined license, or manufacturing license under part 52” of 10 CFR needs to “establish a 
quality assurance (QA) program based on consideration of…(E) establishing qualification 
requirements for QA and QC personnel.” Finally, Section 17.5 of the SRP11 describes the SRP 
acceptance criteria for “Training and Qualification Criteria—Quality Assurance.” 
 
Based on the review of the NRC regulations related to this issue presented above, the staff 
concluded that Item I.F.2(5) has been adequately addressed by the existing regulations. 
Therefore, the staff changed the status of Item I.F.2(5) and DROPPED this item from further 
pursuit.1964  
 
ITEM I.F.2(6): INCREASE THE SIZE OF LICENSEES’ QA STAFF 
 
This item was evaluated in Item I.F.2 above and was determined to be RESOLVED when new 
requirements were established with changes made in July 1981 to Chapter 17 of the SRP.11 
 
ITEM I.F.2(7): CLARIFY THAT THE QA PROGRAM IS A CONDITION OF THE 
CONSTRUCTION PERMIT AND OPERATING LICENSE 

This item was evaluated in Item I.F.2 above and was determined to be a LOW priority issue in 
the main report of NUREG-0933, published in November 1983.  

The regulation at 10 CFR 50.54(a)(1) clearly states that implementation of the QA program is a 
condition in every nuclear power reactor operating license issued under 10 CFR Part 50: “Each 
nuclear power plant or fuel reprocessing plant licensee subject to the quality assurance criteria 
in appendix B of this part shall implement, under § 50.34(b)(6)(ii) or § 52.79 of this chapter, the 
quality assurance program described or referenced in the safety analysis report, including 
changes to that report. However, a holder of a combined license under part 52 of this chapter 
shall implement the quality assurance program described or referenced in the safety analysis 
report applicable to operation 30 days prior to the scheduled date for the initial loading of fuel.” 
In addition, 10 CFR 50.54(a)(1) is also a condition in every combined license issued under 
10 CFR Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants.” Finally, 
10 CFR 52.17(a)(1)(xi), 10 CFR 52.47(a)(19), and 10 CFR 52.79(a)(25) outline the QA program 
requirements for applicants for early site permits (ESPs), standard design certifications (DCs) 
and combined licenses, respectively. SRP11 Section 17.5 outlines a standardized QA program 
for DC, ESP, construction permit, operating license, and combined license applicants and 
holders. 
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Moreover, this issue specifies that “substantive changes to an approved program must be 
submitted to NRC for review.” This part of the issue is also addressed by 10 CFR 50.54(a)(4), 
which states that “Changes to the quality assurance program description that do reduce the 
commitments must be submitted to the NRC and receive NRC approval prior to 
implementation.” The regulation at 10 CFR 50.54(a)(4)(i)–(iv) outlines the process to make 
these changes. 
 
Based on the review of the NRC regulations related to this issue presented above, the staff 
concluded that Item I.F.2(7) has been adequately addressed by the existing regulations. 
Therefore, the staff changed the status of Item I.F.2(7) and DROPPED this item from further 
pursuit.1964   
 
ITEM I.F.2(8): COMPARE NRC QA REQUIREMENTS WITH THOSE OF OTHER AGENCIES 
 
This item was evaluated in Item I.F.2 above and was determined to be a LOW priority issue in 
the main report of NUREG-0933, published in November 1983. 
 
On July 9, 2003, the results of the staff’s effort to review international quality assurance 
standards against the existing Appendix B to 10 CFR Part 50 framework were reported by 
issuance of SECY-03-0117, Approaches for Adopting More Widely Accepted International 
Quality Standards.”1965 In addition, approaches for adopting international quality standards for 
safety-related components in nuclear power plants into the existing regulatory framework were 
assessed. SECY-03-01171965 also reviewed existing NRC quality assurance requirements and 
efforts to improve their effectiveness and efficiency. The staff concluded in SECY-03-01171965 
that considerable actions had already been taken or were in progress to reduce unnecessary 
regulatory burden on licensees resulting from compliance with Appendix B to 10 CFR Part 50 
requirements. In addition, the proposed 10 CFR 50.69 risk-informed rulemaking would provide a 
more efficient and effective regulatory process while continuing to maintain safety. The staff 
evaluation of the differences between Appendix B to 10 CFR Part 50 and ISO 9001 is 
summarized in the attachment to SECY-03-0117.1965   
 
The staff concluded that the analysis presented in SECY-03-01171965

 addressed Item I.F.2(8) 
adequately and DROPPED this item from further pursuit.1964  
 
ITEM I.F.2(9): CLARIFY ORGANIZATIONAL REPORTING LEVELS FOR THE QA 
ORGANIZATION 
 
This item was evaluated in Item I.F.2 above and was determined to be RESOLVED when new 
requirements were established with changes made in July 1981 to Chapter 17 of the SRP.11 
 
ITEM I.F.2(10): CLARIFY REQUIREMENTS FOR MAINTENANCE OF “AS-BUILT” 
DOCUMENTATION 
 
This item was evaluated in Item I.F.2 above and was determined to be a LOW priority issue in 
the main report of NUREG-0933, published in November 1983.  
 
Criterion VI, “Document Control,” and Criterion XVII, “Quality Assurance Records,” of 
Appendix B to 10 CFR Part 50 establish requirements for issuing, identifying, and retrieving QA 
records. In addition, NRC-accepted practices for the collection, storage, and maintenance of QA 
records for nuclear power plants, independent storage of spent nuclear fuel and high-level 
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radioactive waste facilities, special nuclear materials, packaging and transportation of 
radioactive materials, and gaseous diffusion plants are described in ANSI/ASME NQA-1.1966  
 
Criterion VI of Appendix B to 10 CFR Part 50 describes the requirements to control changes in 
documents: “Measures shall be established to control the issuance of documents, such as 
instructions, procedures, and drawings, including changes thereto, which prescribe all activities 
affecting quality. These measures shall assure that documents, including changes, are reviewed 
for adequacy and approved for release by authorized personnel and are distributed to and used 
at the location where the prescribed activity is performed. Changes to documents shall be 
reviewed and approved by the same organizations that performed the original review and 
approval unless the applicant designates another responsible organization.” 
 
Moreover, 10 CFR 50.34(f)(3)(iii) states that “each applicant for a light-water-reactor 
construction permit or manufacturing license whose application was pending as of 
February 16, 1982,” in addition to “each applicant for a design certification, design approval, 
combined license, or manufacturing license under part 52” of 10 CFR, needs to “establish a 
quality assurance (QA) program based on consideration of…(G) establishing procedures for 
maintenance of ‘as-built’ documentation.” Finally, Section 17.5 of the SRP11 states that “A 
program is required to be established to control the development, review, approval, issue, use, 
and revision of documents.” This section includes as-built drawings as one of the examples of 
controlled documents: “Examples of controlled documents include design drawings, as-built 
drawings, engineering calculations.” 
 
Based on the review of the NRC regulations related to this issue presented above, the staff 
concluded that Item I.F.2(10) has been adequately addressed by the existing regulations. 
Therefore, the staff changed the status of Item I.F.2(10) and DROPPED this item from further 
pursuit.1964  
 
ITEM I.F.2(11): DEFINE THE ROLE OF QA IN DESIGN AND ANALYSIS ACTIVITIES 
 
This item was evaluated in Item I.F.2 above and was determined to be a LOW priority issue in 
the main report of NUREG-0933, published in November 1983.  
 
Criterion III, “Design Control,” of Appendix B to 10 CFR Part 50 describes the requirements of 
the program for the design of items. As explained in this criterion, measures should be 
established to assure that applicable regulatory requirements and the design basis are correctly 
translated into specifications, drawings, procedures, and instructions. In addition, these 
measures should include provisions to assure that appropriate quality standards are specified 
and included in design documents and that deviations from such standards are controlled. The 
design control measures provide for verifying or checking the adequacy of design and are 
applied to items such as the reactor physics, stress, thermal, hydraulic, and accident analyses; 
compatibility of materials; accessibility for inservice inspection, maintenance, and repair; and 
delineation of acceptance criteria for inspections and tests.   
 
Moreover, 10 CFR 50.34(f)(3)(iii) states that “each applicant for a light-water-reactor 
construction permit or manufacturing license whose application was pending as of 
February 16, 1982,” in addition to “each applicant for a design certification, design approval, 
combined license, or manufacturing license under part 52” of 10 CFR, needs to “establish a 
quality assurance (QA) program based on consideration of…(H) providing a QA role in design 
and analysis activities.” Finally, Section 17.5 of the SRP11 states that “The QA role in design and 
analysis activities is defined. Design documents are reviewed by individuals knowledgeable and 
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qualified in QA to ensure the documents contain the necessary QA requirements. (This applies 
to DC applicants, ESP, and construction QA programs.)” 
 
Based on the review of the NRC regulations related to this issue presented above, the staff 
concluded that Item I.F.2(11) has been adequately addressed by the existing regulations. 
Therefore, the staff changed the status of Item I.F.2(11) and DROPPED this item from further 
pursuit.1964  
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TASK II.B: CONSIDERATION OF DEGRADED OR MELTED CORES IN 

SAFETY REVIEW 
 
 
The objective of this task was to enhance public safety and reduce individual and societal risk 
by developing and implementing a phased program to include, in safety reviews, consideration 
of core degradation and melting beyond the design basis. 
 
ITEM II.B.1: REACTOR COOLANT SYSTEM VENTS 
 
This item was clarified in NUREG-0737,98 requirements were issued, and MPA F-10 was 
established by DL/NRR for implementation purposes. 
 
 
ITEM II.B.2: PLANT SHIELDING TO PROVIDE ACCESS TO VITAL AREAS AND 
PROTECT SAFETY EQUIPMENT FOR POST-ACCIDENT OPERATION 
 
This item was clarified in NUREG-0737,98 requirements were issued, and MPA F-11 was 
established by DL/NRR for implementation purposes. 
 
 
ITEM II.B.3: POST-ACCIDENT SAMPLING 
 
This item was clarified in NUREG-0737,98 requirements were issued, and MPA F-12 was 
established by DL/NRR for implementation purposes. 
 
 
ITEM II.B.4: TRAINING FOR MITIGATING CORE DAMAGE 
 
This item was clarified in NUREG-0737,98 requirements were issued, and MPA F-13 was 
established by DL/NRR for implementation purposes. 
 
 
ITEM II.B.5: RESEARCH ON PHENOMENA ASSOCIATED WITH CORE 
DEGRADATION AND FUEL MELTING 
 
The three parts of this item are evaluated below. 
 
ITEM II.B.5(1): BEHAVIOR OF SEVERELY DAMAGED FUEL 
 
Items II.B.5(1) and II.B.5(2) were combined and evaluated together under Item II.B.5(1). 
 
Description 
 
Historical Background 
 
For a number of key severe accident sequences, there are critical phenomenological unknowns 
or uncertainties that impact containment integrity assessments and judgments regarding the 
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desirability of certain mitigating features. The phenomena fall into three broad categories: (1) 
the behavior of severely damaged fuel, including oxidation and H2 generation; (2) the behavior 
of the core-melt in its interaction with water, concrete, and core-retention materials; and (3) the 
effect of potential H2 burning and/or explosions on containment integrity. Steam explosions were 
also to be considered in this category. Previous work in these several areas received less 
attention since they related to accidents beyond the design basis. At the time this TMI Action 
Plan48 item was raised, RES was conducting major programs to support the basis for rulemak-
ing and to confirm certain licensing decisions. Complementary efforts conducted within NRR 
were to address specific licensing issues related to the subject research. 
 
(1) Behavior of Severely Damaged Fuel 
 

(a) In-Pile Studies: Fuel behavior research was to include in-pile testing to help 
evaluate the effects of conditions leading to severe fuel damage. Such tests were 
being performed in the INEL Power Burst Facility (PBF) in FY 1983 and later in 
the Annular Core Research Reactor (ACRR) at SNL and in the NRU reactor at 
Chalk River National Lab, Canada. In the PBF, RES was to perform a series of 
in-reactor fuel experiments to determine the effect of heating and cooling rates 
on damage to the bundle, rod fragmentation, distortion, and debris formation. 
Fission product release and H2 generation were also to be measured during the 
testing. Separate effects studies were to be conducted on rubble beds in the 
ACRR at SNL. 

 
(b) Hydrogen Studies: The objective of this work was to increase the understanding 

of the formation of H2 in a reactor from metal-water reactions, radiolytic 
decomposition of coolant, and corrosion of metals, and to determine its 
consequences in terms of pressure-time histories and H2 deflagration or 
detonation. This work was also to include: (1) the preparation of a compendium 
of information related to H2 as it affects reactor safety; (2) analysis of radiolysis 
under accident conditions; (3) a review of H2 sampling and analysis methods; (4) 
a study of the effects of H2 embrittlement on reactor vessel materials; and (5) a 
review of means of handling accident-generated H2 with recommendations on 
improving existing methods. Results of these studies were considered in the 
resolution of Issue A-48, "Hydrogen Control Measures and Effects of Hydrogen 
Burns on Safety Equipment," and were not considered further in this issue. 

 
(c) Studies of Post-Accident Coolant Chemistry: The RES objective in this area was 

the development of a relationship between fission product release and fuel failure 
and the improvement of post-accident sampling and analysis techniques. This 
was to be accomplished by the investigation of fission product release in a 
variety of fuel failure experiments. 

 
(d) Modeling of Severe Fuel Damage: The effort in this area was the development of 

models for fuel rods operating beyond 22000F that suffer a loss in geometry in 
order to compute extensive damage phenomena (such as eutectic liquid 
formation, fuel slumping, oxidation, and H2 generation, fission product release 
and interaction with the coolant, rubble-bed particle size, extent of fuel and clad 
melting, and flow blockage). 
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(2) Behavior of Core-Melt 
 

The RES fuel-melt research program was to develop a base and verified methodology 
for assessing the consequences and mitigation of fuel-melt accidents. The program 
addressed the range of severe reactor accident phenomena from the time when 
extensive fuel damage and major core geometry changes occur until the containment 
has failed and/or the molten core materials have attained a semi-permanent 
configuration and further movement is terminated. Studies of improvements in 
containment design to reduce the risk of core-melt accidents were also included. 

 
The program was composed of integrated tasks that included scoping, 
phenomenological and separate effects tests, and demonstration experiments that 
provided results for the development and verification of analytical models and codes. 
These codes and supporting data were then used for the analysis of thermal, 
mechanical, and radiological consequences of accidents and for decisions related to 
requirements of design features for mitigation and performance confirmation. The 
technical scope of the program included work in the following areas: fuel debris 
behavior; fuel interactions with structure and soil; radiological source term; fuelcoolant 
interactions; systems analysis codes; and mitigation features. 

 
Safety Significance 
 
The results of the research programs described above were expected to find broad application 
in areas such as PRA, accident analysis, siting, evacuation planning, emergency procedures, 
code development, etc. Thus, these programs would have considerable value just as licensing 
improvement efforts. However, the programs had sufficiently well-defined scopes to permit 
some estimates of direct safety significance. These programs were directed at a better under-
standing of severely damaged and molten cores. Once a core is in this state, any safety 
significance has to be in the area of minimizing radioactive releases and consequent dose to the 
public. 
 
Possible Solutions 
 
It was assumed that means would be devised to reduce the probability of containment failure 
and release of activity to the environment. Completely different approaches could be suggested 
after the results of the research programs were known. 
 
The "classical" engineering approaches to handling degraded or melted cores are filtered vents 
to prevent containment overpressure and core-retention devices (core catchers) to prevent 
containment basemat melt-through. These approaches were used for cost estimates, but the 
other priority parameters were not specific to these approaches. 
 
Priority Determination 
 
Studies64 of this issue by PNL considered only containment basemat melt-through. The 
approach presented here was expanded to include other aspects. The effect on a PWR with a 
dry containment was considered, based partly on the availability of information. It was not 
expected that the results for other containments or for BWRs would be greatly different, at least 
in the context of the uncertainty of such an analysis. 
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Frequency Estimate 
 
Essentially, all core-melts are assumed to result in containment failure in WASH-1400.16 To 
estimate the effect of being able to deal with a severely damaged core, this assumption was 
relaxed. The modes of containment failure for PWRs were defined as follows: 
 

α - containment rupture due to a reactor vessel steam explosion 
 

β - containment failure due to inadequate isolation of openings and penetrations 
 

γ - containment failure due to H2 burning 
 

δ - containment failure due to overpressure 
 

ε - containment vessel melt-through 
 
Assuming that the research programs were successful in leading to engineering solutions, 
reductions in the frequency of the various failure modes were estimated as follows: 
 

α   - 10% (Little can be done about steam explosions.) 
 

β   - 0% (This does not affect isolation failure.) 
 

γ,δ - 90% (Venting containment should be quite effective if methods are available for 
sizing the vent and determining what filtration is needed.) 

 
ε   - 90% (Should be achievable if a core catcher can be designed.) 

 
Consequence Estimate 
 
The consequences were straightforward in the sense that the consequences of each release 
category have been studied. However, the reduction in consequences was more difficult to 
assess since the release from a molten core in a tight containment is still not zero. Instead, it 
depends on the containment design leak rate, the efficiency of filtration of a containment relief 
vent, etc. To allow for this, it was assumed instead that the prevented releases corresponding to 
the α, γ, δ, and ε failure modes were similar to a PWR-9 release. The results of this calculation 
are summarized in Table II.B-1. For a new (forward-fit) plant (which was the most likely 
candidate for implementation), the public risk reduction was estimated to be 1,600 man-rem. 
 
Cost Estimate 
 
Industry Cost: PNL estimated64 the cost of a core retention device to be $1.4M for a forward-fit. 
SNL estimated312 the cost of a filtered containment vent to be on the order of a few million 
dollars. Thus, the industry cost was projected to be $10M/reactor. 
 
NRC Cost: PNL estimated64 the NRC cost to be $2.3M, assuming implementation at 134 
reactors. In reality, implementation might take place at a far smaller number of plants due to 
considerations of containment type, backfit vs. forward-fit, etc. However, even if only 10 plants 
were affected, the NRC cost would be insignificant compared to licensee costs. Therefore, NRC 
costs were neglected. 
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Total Cost: The total industry and NRC cost associated with the possible solution was estimated 
to be $10M/reactor. 
 
 

Table II.B-1

Release 
Category 

Frequency* (RY)-1  % Reduction**in 
Frequency 

F (RY)-1 R (man-rem) FR 

PWR-1 5.3 x 10-8 10% 5.3 x 10-9 4.9 x 106 2.6 x 10-2

PWR-2 6.7 x 10-6 90% 6.0 x 10-6 4.8 x 106 2.9 x 101 

PWR-3 2.6 x 10-6 81% 2.1 x 10-6 5.4 x 106 1.1 x 101 

PWR-4 2.1 x l0-11 - - 2.7 x 106 - 

PWR-5 4.9 x 10-8 - - 1.0 x 106 - 

PWR-6 6.3 x 10-7 90% 5.7 x 10-7 1.4 x 105 8.0 x 10-2

PWR-7 3.4 x 10-5 90% 3.1 x 10-5 2.3 x 103 7.1 x 10-2

PWR-8 8.0 x 10-7 - - 7.5 x 104 - 

PWR-9 4.0 x 10-4 - -3.9 x 10-5 1.2 x 102 -4.7 x 10-

3 

      TOTAL:   4.0 x 101 
 
 
* Because the specific containment failure mode was of interest here, the 

frequencies above were "unsmoothed." This is in contrast to the calculations in 
WASH-140016 which assumed a 10% contribution in frequency from adjacent 
release categories. 

 
** Release Category PWR-1 is made up entirely of α failures and thus was 

assigned a 10% reduction in frequency. Categories PWR-2, PWR-6, and PWR-7 
are made up of γ, δ, and ε failures and were thus assigned 90%. Category 
PWR-3 contains both α and δ failures which results in a net assignment of 81%. 

 
Value/Impact Assessment 
 
Based on a potential public risk reduction of 1,600 man-rem/reactor and a cost of $10M/reactor 
for a possible solution, the value/impact score was given by: 
 

S =  1,600 man-rem/reactor  
   $10M/reactor 

 
   = 160 man-rem/$M 
 

Conclusion 
 
Based on the factors considered above, this issue was given a high priority ranking (see 
Appendix C). However, after further evaluation by the staff, the issue was determined to be 
clearly within the realm of severe accident research and was reclassified as a Licensing 
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Issue.1102 The issue was pursued138l as part of SARP Issue L2, "In-Vessel Core Melt 
Progression and Hydrogen Generation," documented in NUREG-1365.1382   
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issue. Because licensing and regulatory impact issue are not safety issues by 
the classification guidance in the legacy Generic Issues Program, these issues do not meet at 
least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM II.B.5(2): BEHAVIOR OF CORE-MELT 
 
This item was evaluated in Item II.B.5(1) above and determined to be a high priority (see 
Appendix C). However, after further evaluation by the staff, the issue was determined to be 
clearly within the realm of severe accident research and was reclassified as a Licensing 
Issue.1102 The issue was pursued138l as part of SARP Issue L2, "In-Vessel Core Melt 
Progression and Hydrogen Generation," documented in NUREG-1365.1382 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM II.B.5(3): EFFECT OF HYDROGEN BURNING AND EXPLOSIONS ON 
CONTAINMENT STRUCTURE 
 
Description 
 
Historical Background 
 
TMI Action Plan48 Item II.B.5 called for research into the phenomena associated with severe 
core damage and core melting. Item II.B.5(3) addressed the effect of H2 burns and/or explosions 
on containment integrity. 
 
Safety Significance 
 
Whereas Items II.B.5(1) and II.B.5(2) dealt with (among other things) the generation of H2 via 
radiolysis, metal-water interaction, interaction of a molten core with concrete, etc., Item II.B.5(3) 
was concerned with the effects on the containment of the burning and/or detonation of this H2. If 
the containment retains its integrity, even a severe accident resulting in a damaged or molten 
core produces relatively low offsite consequences. Item II.B.5(3) also included the effect of 
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steam explosions. Again, the emphasis here was not in preventing the explosion but, instead, in 
maintaining containment integrity. 
 
Possible Solution 
 
Most of the work on Item II.B.5(3) was couched in terms of a stronger containment. 
 
Priority Determination 
 
Item II B.5(3) was, to a large extent, similar to Issue A-48, "Hydrogen Control Measures and 
Effects of Hydrogen Burns on Safety Equipment." Issue A-48 was somewhat more general in 
that it included the effects of a H2 burn or detonation on containment penetrations and on safety 
systems located within the containment, not just the structural response of the containment. In 
addition, Issue A-48 included measures for control of the H2 burn and thus had preventive as 
well as mitigative aspects. However, even though Issue A-48 was expected to use the results of 
Item II.B.5(3), Item II.B.5(3) was not integrated into Issue A-48 because: (1) the scope of Issue 
A-48 was still under discussion; and (2) Item II.B.5(3) included steam explosions as well as H2 
burns. 
 
Frequency/Consequence Estimate 
 
In WASH-1400,16 the PWR sequences refer to steam explosion-induced containment failures as 
"α" failures; containment failures induced by an H2 burn are called "γ" failures. Sequences 
including these two failure modes can be found in Release Categories PWR-1, PWR-2, and 
PWR-3. It was assumed that the possible solution would result in a 90% reduction in the 
probabilities of the sequences involving these two failure modes. The results are tabulated in 
Table II.B-2 below. 
 
 

TABLE II.B-2 

Release 
Category (F) 

Frequency 
(per RY) 

Frequency(F) (per 
RY) 

Consequences(R)(man-
rem) 

0.9FR (man-
rem/RY) 

PWR-1 5.3 x 10-8 - 4.9 x 106 0.23 

PWR-2 - 7.0 x 10-7 4.8 x 106 3.00 

PWR-3 3.4 x 10-7 - 5.4 x 106 1.70 

PWR-7 -3.9 x 10-7 -7.0 x 10-7 2.3 x 103 - 0.002 

      TOTAL: 4.9 
 
  
The PWR-7 category has a negative contribution because a molten core still gives some 
release, even if containment failure is prevented. Thus, it was assumed that the events which 
would have been α or γ failures instead lead to PWR-7 releases. 
 
Over a 40-year plant life, the risk reduction above corresponded to about 200 man-rem/reactor. 
This was calculated using WASH-140016 data for a PWR with a large, dry containment. BWR 
pressure-suppression containments and PWR ice-condenser containments have a much 
smaller free volume and thus are more susceptible to α and γ failures. Therefore, the risk for 
these plants could well be considerably higher. 
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Cost Estimate 
 
Industry Cost: Without the results of research at the time of this evaluation, it was difficult to 
assess costs. A stronger containment could cost $15M, based on doubling the 3.5 foot wall 
thickness of a (150 ft x 200 ft) structure. (Such structures cost roughly $1,000/cubic yard of 
concrete.) 
 
NRC Cost: NRC costs were considered to be negligible. 
 
Total Cost: The total industry and NRC cost associated with the possible solution was 
$15M/reactor. 
 
Value/Impact Assessment 
 
Based on an estimated public risk reduction of 200 man-rem/reactor and a cost of $15M/reactor 
for a possible solution, the value/impact score was given by: 
 

S =  200 man-rem/reactor  
  $15M/reactor 

 
   = 13 man-rem/$M 

 
Conclusion 
 
The public risk estimate for this issue was significant even for dry containments. Because of the 
difficulty in determining a cost-effective solution, the issue was given a medium priority ranking 
(see Appendix C). However, after further evaluation by the staff, the issue was determined to be 
clearly within the realm of severe accident research and was reclassified as a Licensing 
Issue.1102 The issue was pursued138l as part of SARP Issue L3, "Hydrogen Transport and 
Combustion," documented in NUREG-1365.1382 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM II.B.6: RISK REDUCTION FOR OPERATING REACTORS AT SITES WITH 
HIGH POPULATION DENSITIES 
 
Description 
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Historical Background 
 
This TMI Action Plan48 item involved the review of operating reactors in areas of high population 
density to determine what additional measures and/or design changes could be implemented 
that would further reduce the probability of a severe reactor accident, and would reduce the 
consequences of such an accident by reducing the amount of radioactive releases and/or by 
delaying any radioactive releases, and thereby provide additional time for evacuation near the 
sites. 
 
Risk studies were completed in 1981 for the Zion and Limerick sites and in 1982 for Indian 
Point. Although risk assessments of other sites were conducted by other NRC programs, e.g., 
National Reliability Evaluation Program (NREP), no further risk studies were envisioned as part 
of this issue. Further efforts directed towards this issue were review of the analyses and the 
possible implementation of site-specific fixes to reduce the risk at these sites. Special hearings 
were scheduled in FY 1982 to review possible design changes for Indian Point and follow-up 
work in connection with the accepted fixes was anticipated following these hearings. 
 
Safety Significance 
 
Concern existed over the potential for above-average societal risk due to accidents at reactor 
sites located near regions of high population densities. 
 
Possible Solutions 
 
As mentioned above, hearings were scheduled on possible fixes at the Indian Point site to 
reduce risk. The actual fixes that resulted from these hearings were unknown at the time of this 
evaluation. Nevertheless, it was assumed that fixes would be made to reduce the likelihood of 
the most dominant accident sequences contributing to the frequency of core-melt accidents. 
 
Priority Determination 
 
Assumptions 
 
Based on a review of similar Reactor Safety Study Methodology Application Program 
(RSSMAP) and Interim Reliability Evaluation Program (IREP) analyses, it was assumed that two 
sequences contributed to a large portion (50%) of the likelihood of a core-melt. It was further 
assumed that it was possible to reduce the frequency of each sequence by a factor of 10. 
 
Frequency Estimate 
 
Based on age and other related factors, it was believed that reactors in this category had an 
increased frequency of core-melt over the baseline plant (Oconee-3) by a factor of 5.5. Thus, 
the revised baseline core-melt frequency (F) was given by: 
 

F = (5.5)(8.2 x 10-5/RY) 
   = 4.5 x 10-4/RY 

 
Assuming that the dominant sequences (50% of the frequency) could be reduced by a factor of 
10, the revised core-melt frequency was (0.55)(4.5 x 10-4)/RY = 2.5 x 10-4/RY. 
 
Consequence Estimate 
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Considering the same factors used above to estimate the core-melt frequency, the affected 
plants would have an exposure increase over the mean population density (340 
persons/square-mile) and release fractions by a factor of 3. Thus, this exposure increase (R) 
was given by: 
 

R = (3)(2.5 x 106 man-rem) 
   = (7.5 x 106) man-rem 

 
The baseline public risk was (4.5 x 10-4/RY)(7.5 x 106 man-rem) or 3,380 manrem/RY. The 
revised public risk was (2.5 x 10-4/RY)(7.5 x 106 man-rem) or 1,880 man-rem/RY. The resulting 
change in public risk was then 1,500 man-rem/RY resulting from the reduction in core-melt 
frequency of 2 x 10-4/RY. Over the estimated 27 years of remaining plant life, this would result in 
a total risk reduction of 40,500 man-rem/reactor. 
 
Cost Estimate 
 
Industry Cost: Licensee costs were estimated to be $4M/reactor to implement the changes 
required to reduce the two dominant sequences. 
 
NRC Cost: NRC costs were estimated to be $22,000. 
 
Total Cost: The total industry and NRC cost associated with the possible solution was $(4 + 
0.02)M/reactor or $4.02M/reactor. 
 
Value/Impact Assessment 
 
Based on an estimated public risk reduction of 40,500 man-rem/reactor and a cost of 
$4.02M/reactor for a possible solution, the value/impact score was given by: 
 

S =  40,500 man-rem/reactor  
   $4.02M/reactor 

 
   = 10,000 man-rem/$M 

 
Other Considerations 
 
The accident avoidance cost was estimated to be approximately $11M which would result in a 
potential cost saving of $7M, considering the $4M implementation costs. 
 
Conclusion 
 
Based on the above value/impact score, this issue was given a high priority ranking (see 
Appendix C). A staff review of PRAs submitted by the affected licensees was used to identify 
the strengths and weaknesses of the various plants and to assess the risk associated with their 
operation. A special adjudicatory proceeding was held from 1982 to 1983 during which time the 
issues regarding continued operation and risk of the Indian Point plants were heard. Following 
these hearings, the Commission concluded that neither shutdown of Indian Point Units 2 or 3 
nor imposition of additional remedial actions beyond those already implemented by the 
licensees were warranted.806 
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The staff also reviewed the Zion PRA and concluded that the risk posed by the Zion plants was 
small. The dominant contributors to severe accidents at the Zion plants were examined and the 
staff recommended that: (1) the integrity of the two motor-operated gate valves in the RHR 
suction line from the RCS be checked each refueling outage; and (2) the diesel-driven 
containment spray pump be modified so that it could be capable of operating without AC 
power.806 Thus, this item was RESOLVED and new requirements were established. DL/NRR 
was responsible for managing the implementation of the above recommendations.806 
 
 
ITEM II.B.7: ANALYSIS OF HYDROGEN CONTROL 
 
Description 
 
The TMI-2 accident resulted in a metal-water reaction which involved H2 generation in excess of 
the amounts specified in 10 CFR 50.44. As a result, it became apparent to the NRC that 
additional H2 control and mitigation measures would have to be considered for all nuclear power 
plants. The purpose of this TMI Action Plan48 item was to establish the technical basis for the 
interim H2 control measures on small containment structures and to establish the basis for 
continued operation and licensing of plants, pending long-term resolution of the H2 control issue. 
 
Conclusion 
 
The long-term resolution of this issue was accomplished by rulemaking as part of Item II.B.8. A 
final rule was published on December 2, 1981 requiring inerting of the small BWR MARK I and II 
containments. In addition, based on Commission guidance, interim H2 control systems were 
required as a licensing condition for the intermediate volume Ice Condenser and MARK III 
containments. A proposed rule was published on December 23, 1981 (Federal Register 46 FR 
62281) which required these systems for the intermediate volume containments. Except for 
pending construction permit (CP) and manufacturing license (ML) applications, no additional 
requirements for H2 control or H2 analyses were imposed at that time for large, dry 
containments. However, the proposed rule required that dry containments be analyzed to 
determine their ability to accommodate the release of large quantities of H2 (75% metal-water 
reaction). Also, H2 control requirements were established as part of the final Near-Term CP and 
ML Rule published on January 15, 1982. 
 
Based on the accomplishments above, the basis for continued operation and licensing of plants 
with respect to the H2 control issue was established. Future work related to finalizing the 
proposed rule dealing with intermediate volume containments (Ice Condenser and MARK III) 
and large, dry containments continued as part of Item II.B.8. 
 
 
ITEM II.B.8: RULEMAKING PROCEEDING ON DEGRADED CORE ACCIDENTS 
 
Description 
 
Historical Background 
 
In the past, safety reviews concentrated on how to prevent a core from being damaged. 
Consequently, little attention was given to how a severely damaged core could be dealt with 
after damage occurred. Other subtasks within Task II.B were concerned with the study of the 
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characteristics of degraded and melted cores (research programs) plus some immediate actions 
to be taken at plants in operation. Item II.B.8 envisioned both a short-term and a long-term 
rulemaking to establish policy, goals, and requirements to address accidents resulting in core 
damage greater than the existing design basis. 
 
Item II.B.8 included an Advance Notice of Proposed Rulemaking (ANPRM) and an Interim Rule. 
The ANPRM was issued on December 2, 1980 (45 FR 65474) and the Interim Rule was issued 
in two parts: the first was issued in effective form in October 1981 (46 FR 58484) and the 
second was issued as a proposed rule on December 23, 1981 (46 FR 62281). 
 
On January 4, 1982, SECY-82-1309 was forwarded to the Commission requesting 
reconsideration of the approach to long-term rulemaking. The events which prompted this 
request were as follows: 
 
  - The Commission had required more protection from severe accidents in some licensing 

actions (e.g., Sequoyah) than was envisioned in the TMI Action Plan.48 
 
  - A rule was developed to specify additional requirements for pending CP and ML 

applications. Again, these requirements were somewhat more extensive than that 
envisioned in the TMI Action Plan.48 

 
  - New probabilistic risk assessments (PRAs) indicated lower risk than was previously 

estimated for large, dry PWR containments. 
 
  - The safety of existing plants had been considerably improved by the modifications 

mandated by NUREG-0737.98 
 
  - The industry initiated a program to study the costs and benefits of design features for 

mitigating severe accidents. 
 
  - An extensive research program to study damaged and melted core behavior was 

underway. 
 
  - A safety goal statement, based on PRA, was developed. 
 
The substance of SECY-82-1309 was that the uncertainty associated with long-term rulemaking 
was an inhibiting force on the industry. The paper then recommended that, since new 
applications were to be standardized, licensing could proceed on these standardized designs 
using the information available. PRAs and the safety goal would be used to assess plant safety. 
If plants needed safety features beyond the existing requirements to meet the safety goal, they 
could be included. This approach would not need rulemaking specifically directed at severe 
accident mitigation. 
 
The Commission directed310 the staff to make several changes recommended in SECY-82-1.309 
The staff then submitted revised papers SECY-82-1A311 and SECY-82-1B1405 that incorporated 
the changes directed by the Commission, including ACRS input. The evaluation of this item 
included consideration of Item II.B.7. 
 
Safety Significance 
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Most of the engineered safety features at nuclear power plants of the existing generation were 
intended to prevent severe core damage. Relatively little attention was given in the past to 
dealing with a severely damaged or melted core. Once a core is damaged, the containment will 
still prevent the release of large amounts of radioactive material. However, once the core melts, 
the containment is likely to fail (although the hazard to the public varies widely, depending on 
the way in which the containment fails). 
 
The degraded-core accident rulemaking was intended to require means for dealing with a 
damaged core. This translated into preventing the release of radioactivity and providing means 
for recovering from the accident. Specific items to be considered included the following: use of 
filtered, vented containment; H2 control measures; core retention devices ("core catchers"); re-
examination of design criteria for decay heat removal and other systems; post-accident recovery 
plans; criteria for locating highly radioactive systems; effects or accidents at multi-unit sites; and 
comprehensive review and evaluation of related guides and regulations. 
 
Priority Determination 
 
The safety significance of this issue was essentially the same as that of the research programs 
described in the analyses of Items II.B.5(1) and II.B.5(2) above. Examination of the estimated 
frequency of core damage and/or core-melt, coupled with estimates of the potential 
effectiveness of engineering solutions (and their cost) led to the recommended high priority for 
Items II.B.5(1) and II.B.5(2). In the same manner, Item II.B.8 had the potential for a significant 
(and cost-effective) reduction in public risk. In addition, it should be noted that some of the plant 
modifications contemplated were far more expensive to backfit than to forward-fit. Unnecessary 
delay could have reduced the costeffectiveness of the resolution to this issue. 
 
Conclusion 
 
Based on the above evaluation, this item was given a high priority ranking (see Appendix C). 
Work performed by RES on the H2 control aspect of the issue resulted in a Hydrogen Control 
Rule that was approved by the Commission and published in the Federal Register on January 
25, 1985.807 The severe accident portion of the issue was addressed in April 1983 by a Policy 
Statement that set forth the Commission's intentions for rulemakings and other regulatory 
actions for resolving safety issues related to reactor accidents more severe than design basis 
accidents (48 FR 16014). Certain severe accident technical issues identified under the 
discussion of long-term rulemaking were to be dealt with for future and existing plants through 
procedures and ongoing severe accident programs identified in the Policy Statement and 
described more fully in Chapter IV of NUREG-1070.809 Thus, with the issuance of the rule on H2 
control, this item was RESOLVED and new requirements were established.808 
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TASK III.D.2: PUBLIC RADIATION PROTECTION IMPROVEMENT  

 
 
The objective of this task was to improve public radiation protection in the event of a nuclear 
power plant accident by improving (1) radioactive effluent monitoring, (2) the dose analysis for 
accidental releases of radioiodine, tritium, and carbon-14, (3) the control of radioactivity 
released into the liquid pathway, (4) the measurement of offsite radiation doses, and (5) the 
ability to rapidly determine offsite doses from radioactivity release by meteorological and 
hydrological measurements so that population-protection decisions can be made appropriately.  
 
ITEM III.D.2.1: RADIOLOGICAL MONITORING OF EFFLUENTS  
 
The three parts of this item were combined and evaluated together.  
 
Description  
 
Historical Background  
 
This Three Mile Island (TMI) Action Plan48 item required development and implementation of 
acceptance criteria for monitors used to evaluate effluent releases under accident and 
postaccident conditions. Criteria were to be developed for pathways to be monitored (stack, 
plant vent, steam dump vents) as well as for monitoring instrumentation. This was seen to 
encompass the requirements in Recommendation 2.1.8-b of NUREG-0578, “TMI-2 Lessons 
Learned Task Force Status Report and Short-Term Recommendations,” issued July 1979,57 and 
Appendix 2 to NUREG-0654, “Criteria for Preparation and Evaluation of Radiological 
Emergency Response Plans and Preparedness in Support of Nuclear Power Plants.”224  
 
Liquid effluents were not envisioned as posing a major release pathway because licensees 
typically had installed, or were installing, adequate storage capacity to prevent discharges. 
Consequently, existing liquid effluent monitoring systems were considered to be adequate.  
 
Safety Significance  
 
This issue had no impact on core-melt accident frequency. 
 
Possible Solution  
 
The envisioned monitoring system would provide automatic online analysis of airborne effluents, 
including isotopic analyses of particulate, radioiodine, and gas samples. To prevent saturation of 
detectors, an automatic sample cartridge changeout feature would be included. The system 
would include microprocessor control and real-time readouts and would be located in a low 
postaccident background area. The sampling system would be designed to provide a 
representative sample under anticipated accident release conditions.  
 
A pressurized-water reactor (PWR) steam-dump sampling and monitoring system would be 
provided for PWR safety relief and vent valves. Such a system might consist of a noble gas 
monitor and a radioiodine sampling and monitoring system. The features of such a system 
would be similar to the above-described airborne effluent monitor with two notable differences: 
(1) the system would be required to function in a very high humidity (steam-air mixture) 
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environment, and (2) operation would only be required during actual steam venting. Because 
such venting is usually of a short-term or intermittent duration, the monitoring system activation 
could be keyed to the opening of the vents. 
 
Priority Determination 
 
Assumptions 
 
It was assumed that improved radiological monitoring of airborne effluent would result in a 
reduction of public risk. The following section presents the U.S. Nuclear Regulatory Commission 
(NRC) staff analysis for prioritizing this issue, which was performed in 1998. This analysis, 
which includes frequency, consequence, and cost estimates and a value/impact assessment, 
has not been updated in the 2011 revision of this issue. 
 
Frequency/Consequence Estimate  
 
The magnitude of public risk reduction attributable to improved radiological monitoring of 
airborne effluents was not certain, but it was estimated by Pacific Northwest Laboratory (PNL)64 
to range from 0 to 1 percent, based on the following logic.  
 
Existing radiological monitoring requirements, as contained in NUREG-0737, “Clarification of 
TMI Acton Plan Requirements,”98 require real-time noble gas monitoring with sampling and 
laboratory analysis capabilities for radioiodines and particulates. Design-basis conditions 
defined in NUREG-073798 (100 microcuries per cubic centimeter radioiodines and particulates, 
30-minute sample time) indicated that sample collection devices would pose special handling 
and analysis problems due to very high radioactivity buildup. Consequently, licensees typically 
provided alternate sample collection and analysis procedures. Execution of those procedures 
was estimated to require between 2 and 3 hours. During this time, radioiodine and particulate 
releases would be estimated based on computer-modeled interpretation of noble gas monitor 
readings, or on previous postaccident containment atmosphere analysis results, if such results 
were available. Public protective action recommendations would be made based on modeled 
estimates rather than actual effluent data. It was assumed that these recommendations would 
err on the conservative side (e.g., evacuate when not really required), due to the conservatism 
built into the modeled source terms for radioiodine and particulate releases.  
 
Requiring licensees to have more sophisticated airborne effluent monitors would reduce the 
time required to obtain actual radioiodine and particulate release data to 15 minutes and 
essentially eliminate reliance on conservative theoretical release models extrapolated from 
noble gas monitor readings. As projected by the possible solution, real-time isotopic monitoring 
would save nearly 2 hours in arriving at realistic protective action recommendations based on 
actual releases. 
 
Under these circumstances, the public risk reduction would be directly attributed to the decrease 
in public radiation exposure that would result from a more rapid assessment of the radioactive 
releases (about a 2-hour savings in analysis time). In addition, public risk may be reduced as a 
result of nonevacuation. The need for evacuation (presumed to exist if release knowledge was 
based only on noble gas monitor data) could be eliminated as a result of better knowledge of 
the isotopic releases. Nonevacuation would result in fewer evacuation-related risks (e.g., traffic 
accidents), the avoidance of which may outweigh the radiation exposure received. However, it 
was assumed that the public risk reduction would result primarily from the first effect (decrease 
in exposure due to more rapid assessment). 
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While protective actions can be recommended based on effluent releases in progress, the 
probability for a core-melt scenario was such that actions would be recommended based on 
anticipated releases, before the actual releases themselves. Under this assumption, monitoring 
effluent releases would have little or no impact on public risk and would be mainly for 
confirmation and quantification. This possible solution would not impact core-melt accident 
frequency.  
 
At the time of this evaluation, there were 134 plants affected by the issue: 71 operating 
(47 PWRs and 24 boiling-water reactors (BWRs)) and 63 planned (43 PWRs and 20 BWRs). It 
was assumed that the average remaining plant life was 27.4 years for the 44 BWRs and 
28.8 years for the 90 PWRs. The dose factors for PWR Release Categories 1 through 7 and 
BWR Release Categories 1 through 4 were assumed to be affected by the possible solution. 
From NUREG/CR-2800, “Guidelines for Nuclear Power Plant Safety Issue Prioritization 
Information Development,”64 a 1-percent decrease in the dose factors resulted in an estimated 
total public risk reduction of 8,500 man-rem for all plants. Assuming a decrease in the dose 
factors of 0.5 percent for this issue, the estimated public risk reduction was 4,250 man-rem. 
 
Cost Estimate  
 
Industry Cost: The industry cost for equipment development, installation, support facilities, and 
construction was estimated to be $600,000/plant. Development of procedures, software, and 
calibration for the equipment was estimated to require 16 man-weeks of effort, with an additional 
4 man-weeks for the initial training of all licensee operators and health physics personnel. This 
was estimated to add $45,400/plant to the implementation cost. Based on an estimated cost of 
$645,000/plant for labor and equipment, the industry cost for implementing the possible solution 
was (134 plants)($645,000/plant) or $86.5 million (M). 
 
The recurring industry operation and maintenance costs were estimated at 
2 man-weeks/plant-year for retraining, 1 man-week/plant-year for calibration, and a reduction of 
1 man-week/plant-year (reduced laboratory analyses due to a fully automated system) for a net 
increase of 2 man-weeks/plant-year, or an increased cost of $4,540/plant-year. As a result, 
industry costs for labor and material associated with operation and maintenance of the possible 
solution were estimated to be $17.2M. 
 
Thus, the total industry cost associated with this issue was $(86.5 + 17.2)M or $103.7M. 
 
NRC Cost: The NRC cost was assumed to be limited to implementation costs for development 
and plant installation. Because it was assumed that the new radiological monitoring systems 
would require no periodic inspection effort beyond that required for current systems, no 
additional NRC operation cost was envisioned. The NRC development cost included 
1.5 man-years and $200,000 for research, criteria development, and engineering development, 
for a total cost of $350,000. The NRC administrative and technical effort associated with the 
review and approval of licensee submittals was estimated at 0.3 man-week/plant for a total cost 
of $91,000 for all plants. Therefore, the total NRC cost associated with this issue was $441,000. 
 
Total Cost: The total industry and NRC cost associated with the possible solution was 
$(103.7 + 0.441)M or $104.1M. 
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Value/Impact Assessment 
 
Based on an estimated public risk reduction of 4,250 man-rem and a cost of $104.1M for a 
possible solution, the value/impact score was given by the following: 
 

S = 4,250 man-rem  
 $104.1M 

 
   = 41 man-rem/$M 

 
Other Considerations  
 
It was anticipated that improvement of radiological monitoring of airborne effluents would have 
no significant impact on occupational risk. The dose required to install equipment would 
probably not exceed 0.5 man-rem, which was negligible compared to the typical 
600 man-rem/year required to operate a plant. Minor man-rem savings might occur under 
accident conditions due to better direction of field survey teams; however, such savings would 
be negligible compared to the 19,900 man-rem total associated with response and cleanup 
following an accident.  
 
Based on an estimated occupational dose of 0.5 man-rem/plant for implementation of the 
possible solution in 71 operating plants, the total risk increase was 36 man-rem for all plants. 
Inclusion of this factor into the above calculation would reduce the value/impact score.  
 
There was no accident avoidance cost for the resolution of this issue because improved 
radiological effluent monitoring systems would have no impact on accident frequency or cleanup 
and refurbishing costs.  
 
Conclusion 
 
Based on the risk reduction potential and value/impact score, the issue was given a LOW 
priority ranking (see Appendix C) in November 1983. NUREG/CR-5382, “Screening of Generic 
Safety Issues for License Renewal Considerations,” issued December 1991,1563 concluded that 
consideration of a 20-year license renewal period could change the ranking of the issue to 
medium priority. Further prioritization in 1995, using the conversion factor of $2,000/man-rem 
approved1689 by the Commission in September 1995, resulted in an impact/value ratio (R) of 
$24,390/man-rem, which did not change the priority ranking. In 2010, the staff reviewed three 
parts of this issue in accordance with the SRM 871021A, “Staff Requirements—Briefing on 
Status of Unresolved Safety/Generic Issues,” dated November 6, 1987,1980 which directed the 
staff to conduct periodic reviews of existing LOW-priority issues to determine whether any new 
information was available that would necessitate reassessment of the original prioritization 
evaluations.1964 Based on this review, the status of these issues was changed as described 
below. 
 
ITEM III.D.2.1(1): EVALUATE THE FEASIBILITY AND PERFORM A VALUE/IMPACT 
ANALYSIS OF MODIFYING EFFLUENT-MONITORING DESIGN CRITERIA 
 
The overall objective of this issue, which “is to provide assurance that all possible accident 
effluent-release pathways are monitored and that monitors will perform properly under accident 
conditions,” is covered by General Design Criterion (GDC) 64, “Monitoring Radioactivity 
Releases,” of Appendix A, “General Design Criteria for Nuclear Power Plants,” to Title 10 of the 
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Code of Federal Regulations (10 CFR) Part 50, “Domestic Licensing of Production and 
Utilization Facilities.” GDC 64 states that “Means shall be provided for monitoring the reactor 
containment atmosphere, spaces containing components for recirculation of loss-of-coolant 
accident fluids, effluent discharge paths, and the plant environs for radioactivity that may be 
released from normal operations, including anticipated operational occurrences, and from 
postulated accidents.” Moreover, 10 CFR 50.34(f)(2)(xvii)(E) establishes the requirement for 
monitoring noble gas effluents and continuous sampling of radioactive iodines and particulates 
in gaseous effluents. According to this part of the regulation, “each applicant for a 
light-water-reactor construction permit or manufacturing license whose application was pending 
as of February 16, 1982,” in addition to “each applicant for a design certification, design 
approval, combined license, or manufacturing license under part 52” of 10 CFR, needs to 
“Provide instrumentation to measure, record and readout in the control room:…(E) noble gas 
effluents at all potential, accident release points. Provide for continuous sampling of radioactive 
iodines and particulates in gaseous effluents from all potential accident release points, and for 
onsite capability to analyze and measure these samples.” Finally, 10 CFR 50.34(f)(2)(xxvii) 
and (2)(xxviii) establish requirements for monitoring of inplant radiation and airborne 
radioactivity for a broad range of routine and accident conditions and for evaluating potential 
pathways for radioactivity and radiation that may lead to control room habitability problems 
under accident conditions. 
 
In addition to the regulations stated above, Section 11.5, “Process and Effluent Radiological 
Monitoring Instrumentation and Sampling Systems,” of NUREG-0800, “Standard Review Plan 
for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition” (the SRP),11

 

states that “Provisions should be made for the installation of instrumentation and monitoring 
equipment and/or sampling and analyses of all normal and potential effluent pathways for 
release of radioactive materials to the environment, including nonradioactive systems that could 
become radioactive through interfaces with radioactive systems.” Table 1 of Section 11.5 of the 
SRP11

 specifies the gaseous streams or effluent release points that should be monitored and 
sampled. In addition, for monitoring the effluents during a postulated event, Section 11.5 of the 
SRP11

 states that “Provisions should be made for monitoring instrumentation, sampling, and 
sample analyses for all identified gaseous effluent release paths in the event of a postulated 
accident.” 
 
As explained earlier, implementation of the proposed solutions has no impact on the core-melt 
accident frequency. Moreover, “while protective actions can be recommended based on effluent 
releases in progress, the probability for a core-melt scenario was such that actions would be 
recommended based on anticipated releases prior to the actual release themselves. Under this 
assumption, monitoring effluent releases would have little or no impact on public risk and would 
be mainly for confirmation and quantification.”   
 
Specific requirements related to some of the factors in the proposed design criteria mentioned in 
NUREG-0660, “NRC Action Plan Developed as a Result of the TMI-2 Accident,” have not been 
established; however, based on the review of the NRC’s regulations presented above, the staff 
concluded that the overall objectives of Item III.D.2.1(1) are met by the existing regulations. 
Moreover, the low safety significance of the issue does not warrant further actions to evaluate 
and implement the proposed solutions. Therefore, the staff changed the status of 
Item III.D.2.1(1) and DROPPED this item from further pursuit.1964 
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ITEM III.D.2.1(2): STUDY THE FEASIBILITY OF REQUIRING THE DEVELOPMENT OF 
EFFECTIVE MEANS FOR MONITORING AND SAMPLING NOBLE GASES AND 
RADIOIODINE RELEASED TO THE ATMOSPHERE 
 
In addition to Criterion 64 of Appendix A to 10 CFR Part 50, the regulation at 
10 CFR 50.34(f)(2)(xvii) establishes the requirement for monitoring noble gas effluents and 
continuous sampling of radioactive iodines and particulates in gaseous effluents. According to 
this part of the regulation, “each applicant for a light-water reactor construction permit or 
manufacturing license whose application was pending as of February 16, 1982,” in addition to 
“each applicant for a design certification, design approval, combined license, or manufacturing 
license under part 52” of 10 CFR, needs to “Provide instrumentation to measure, record and 
readout in the control room:…(E) noble gas effluents at all potential, accident release points. 
Provide for continuous sampling of radioactive iodines and particulates in gaseous effluents 
from all potential accident release points, and for onsite capability to analyze and measure 
these samples.” 
 
Based on the review of the NRC regulations related to this issue presented above and the low 
safety significance of this issue, the staff concluded that Item III.D.2.1(2) is adequately 
addressed by the existing regulations. Therefore, the staff changed the status of 
Item III.D.2.1(2) and DROPPED this item from further pursuit.1964 
 
ITEM III.D.2.1(3):  REVISE REGULATORY GUIDES 
 
NUREG-066048

 called for this issue to “revise Regulatory Guide 1.21, Measuring, Evaluating, 
and Reporting Radioactivity in Solid Wastes and Releases of Radioactive Materials in Liquid 
and Gaseous Effluents from Light-Water-Cooled Nuclear Power Plants, Standard Review Plan 
Section 11.5, Process and Effluent Radiological Monitoring and Sampling Systems, and further 
revise Regulatory Guide 1.97, as necessary.” All of these documents have been updated since 
the issuance of NUREG-0660.48

 Some specific factors of the design criteria mentioned in 
NUREG-066048

 have not been included in these updates. However, the overall objective of the 
issue has been thoroughly addressed in these updates. As of April 2010, the latest revision of 
each document is available as follows: Regulatory Guide (RG) 1.21, Revision 2, “Measuring, 
Evaluating, and Reporting Radioactive Material in Liquid and Gaseous Effluents and Solid 
Waste,” issued June 20091968; SRP11

 Section 11.5, issued March 2007; and RG 1.97, “Criteria 
for Accident Monitoring Instrumentation for Nuclear Power Plants,” Revision 4, issued 
June 2006.55 
 
Because of the revisions made to RG 1.21,1968

 SRP11
 Section 11.5, and RG 1.97,55

 the staff 
changed the status of Item III.D.2.1(3) and DROPPED this item from further pursuit.1964 
 
ITEM III.D.2.2: RADIOIODINE, CARBON-14, AND TRITIUM PATHWAY DOSE 
ANALYSIS  
 
The four parts of this item were combined and evaluated together.  
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Description  
 
Historical Background  
 
This TMI Action Plan48 item addressed the issue of further research for improving the 
understanding of radioiodine partitioning in nuclear power reactors and of the environmental 
behavior of radioiodine, carbon-14, and tritium following an accident and during normal 
operation. 
 
Iodine isotopes are considered to be major contributors to the occupational and public dose 
during a loss-of-coolant accident, along with noble gases and fission products. A study in these 
areas was documented in NUREG-0772, “Technical Bases for Estimating Fission Product 
Behavior during LWR Accidents,” issued June 1981,212 with the following major conclusions: 
(1) uncertainties in predicting atmospheric release source terms were very large (at least a 
factor of 10), (2) source terms for certain accident sequences may have been overestimated in 
past studies; e.g., WASH-1400 (NUREG-75/014), “Reactor Safety Study, An Assessment of 
Accident Risks in U.S. Commercial Nuclear Power Plants,” issued October 1975,16 and 
(3) cesium iodide should be the predominant chemical form of iodine under severe accident 
conditions.  
 
Safety Significance  
 
The above conclusions indicated that the methodology and assumptions used for evaluating 
radioiodine release could result in unrealistic estimates (e.g., RG 1.3, “Assumptions Used for 
Evaluating the Potential Radiological Consequences of a Loss of Coolant Accident for Boiling 
Water Reactors,”213 and RG 1.4, “Assumptions Used for Evaluating the Potential Radiological 
Consequences of a Loss of Coolant Accident for Pressurized Water Reactors”214). Also 
indicated was that more research in aerosol behavior and fission product chemistry was needed 
in order to improve and support the calculation methodology concerned with radioiodine 
partitioning, fission product behavior, and related topics.  
 
Possible Solution  
 
The NRC assumed that further study would improve the understanding of this issue and result 
in more realistic assumptions and methods for evaluating source terms, releases, and the 
environmental behavior of radioiodine, carbon-14, and tritium following an accident. This 
research would not affect accident frequencies at nuclear power plants. However, the NRC 
assumed that the results of these studies would be used to revise the SRP11 and RGs.  
 
The NRC also assumed that the RG revisions could result in reducing the size of existing 
emergency planning zones from a 10-mile radius to a 2-mile radius. This assumption was based 
on a reduction of source terms in a core-melt accident by a factor of 10. This would result in 
reducing dose concentration at a particular distance from the nuclear reactor also by a factor 
of 10. Assuming neutral weather conditions with a 30-meter-high plume, the offsite dose 
predicted at 2 miles from the accident scene, using the reduced source term assumption, would 
be the same as that predicted at 10 miles from the reactor. 
 
Conclusion 
 
The study of radioiodine, carbon-14, and tritium behavior at Three Mile Island Unit 2 (TMI-2) 
called for in Item III.D.2.2(1) was completed in June 1981 and documented in NUREG-0771, 
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“Regulatory Impact of Nuclear Reactor Accident Source Term Assumptions,” issued 
June 1981,455 and NUREG-0772.212 Items III.D.2.2(2), (3), and (4) called for a series of studies 
and evaluations of various radionuclide pathways and models followed, if necessary, by 
revisions to several SRP11 sections and RGs. As part of the staff’s task to prepare and publish a 
manual (referred to as the “Offsite Dose Calculation Manual”598) to be used by the NRC and 
industry to estimate individual and population doses during normal and accident conditions, 
Items III.D.2.2(2), (3), and (4) were assessed. This Offsite Dose Calculation Manual was 
prepared under Item III.D.2.5 and fully described each of the theoretical models used to predict 
radionuclide transport.149 Thus, Items III.D.2.2(2), (3), and (4) were covered under Item III.D.2.5.  
 
ITEM III.D.2.2(1): PERFORM STUDY OF RADIOIODINE, CARBON-14, AND TRITIUM 
BEHAVIOR 
 
This item was evaluated in Item III.D.2.2 above and was RESOLVED with no new requirements.  
 
ITEM III.D.2.2(2): EVALUATE DATA COLLECTED AT QUAD CITIES 
 
This item was evaluated in Item III.D.2.2 above and was determined to be covered in 
Item III.D.2.5.  
 
ITEM III.D.2.2(3): DETERMINE THE DISTRIBUTION OF THE CHEMICAL SPECIES OF 
RADIOIODINE IN AIR-WATER-STEAM MIXTURES 
 
This item was evaluated in Item III.D.2.2 above and was determined to be covered in 
Item III.D.2.5.  
 
ITEM III.D.2.2(4): REVISE SRP AND REGULATORY GUIDES 
 
This item was evaluated in Item III.D.2.2 above and was determined to be covered in 
Item III.D.2.5.  
 
ITEM III.D.2.3: LIQUID PATHWAY RADIOLOGICAL CONTROL 
 
The four parts of this item were combined and evaluated together.  
 
Description  
 
This TMI Action Plan48 item was concerned with improving public radiation protection in the 
event of a nuclear power plant accident by improving the control of radioactivity released into 
the liquid pathway. This control could be accomplished by the application of various interdictive 
measures at the source of the release and/or along the liquid pathway. Techniques were 
developed and were being used to evaluate the liquid pathway effects of an accident for each 
reactor site. Sites that might require interdictive measures related to liquid pathway releases 
were to be determined. Interdictive measures were to be assessed as to their effectiveness in 
improving public radiation protection. 
 
Conclusion 
 
A liquid pathway analysis for Zion Nuclear Power Station was completed by the Office of 
Nuclear Reactor Regulation’s Division of Engineering in 1980.391 In addition, a liquid pathway 
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analysis was performed for the Indian Point nuclear power plant. Both analyses were used in 
NUREG-0850, “Preliminary Assessment of Core Melt Accidents at the Zion and Indian Point 
Nuclear Power Plants and Strategies for Mitigating Their Effects,” issued November 1981.390 A 
simplified analysis for liquid pathway studies (NUREG-1054, “Simplified Analysis for Liquid 
Pathway Studies,”)658 was published in August 1984, and Section 7.1.1 of NUREG-0555, 
“Environmental Standard Review Plans for the Environmental Review of Construction Permit 
Applications for Nuclear Power Plants” (the ESRP), issued May 1979,464 was drafted with no 
new requirements for licensees or applicants.659,660 ESRP Section 7.1.1 was finally published as 
NUREG-1165, “Environmental Standard Review Plan for ES Section 7.1.1,”838 in November 
1985. Thus, this item was RESOLVED and no new requirements were established.799 
 
ITEM III.D.2.3(1): DEVELOP PROCEDURES TO DISCRIMINATE BETWEEN SITES/PLANTS 
 
This item was evaluated in Item III.D.2.3 above and was RESOLVED with no new 
requirements.799 
 
ITEM III.D.2.3(2): DISCRIMINATE BETWEEN SITES AND PLANTS THAT REQUIRE 
CONSIDERATION OF LIQUID PATHWAY INTERDICTION TECHNIQUES 
 
This item was evaluated in Item III.D.2.3 above and was RESOLVED with no new 
requirements.799 
 
ITEM III.D.2.3(3): ESTABLISH FEASIBLE METHOD OF PATHWAY INTERDICTION 
 
This item was evaluated in Item III.D.2.3 above and was RESOLVED with no new 
requirements.799 
 
ITEM III.D.2.3(4): PREPARE A SUMMARY ASSESSMENT 
 
This item was evaluated in Item III.D.2.3 above and was RESOLVED with no new 
requirements.799 
 
ITEM III.D.2.4: OFFSITE DOSE MEASUREMENTS  
 
ITEM III.D.2.4(1): STUDY FEASIBILITY OF ENVIRONMENTAL MONITORS 
 
Description  
 
This TMI Action Plan48 item called for the staff to study the feasibility of environmental monitors 
capable of measuring real-time rates of exposure to noble gases and radioiodines. Monitors or 
samplers capable of measuring respirable concentrations of radionuclides and particulates were 
also considered. This activity supported proposed revisions to RG 1.9755 (see Item II.F.3).  
  
Conclusion  
 
The establishment of guidance in RG 1.9755 for fixed monitors to detect unidentified releases 
was postponed pending the outcome of a feasibility study that was completed in April 1982.188 
Using this study as a basis, the staff concluded that environmental monitors of this nature were 
not practical and that proposed requirements for these monitors should be dropped from 
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consideration.189 Thus, all required action on this item was completed382 and the issue was 
RESOLVED with no new requirements.  
 
ITEM III.D.2.4(2): PLACE 50 TLDs AROUND EACH SITE 
 
Description  
 
This TMI Action Plan48 item called for Office of Inspection and Enforcement (OIE) to place 50 
thermo-luminescent dosimeters (TLDs) around each site in coordination with States and utilities. 
During normal operation, OIE quarterly reports from these dosimeters were to be provided to 
NRC, State, and Federal organizations. In the event of an accident, the dosimeters could then 
be read at a frequency appropriate to the needs of the situation.  
 
The specific objectives of this program were to (1) establish preoperational, historical, baseline 
radiation dose levels, whenever possible, for each monitored facility, (2) provide ongoing 
radiation dosimetry data during routine operations, (3) provide postaccident radiation dosimetry 
to aid in assessment of population exposures and radiological impact, (4) allow for independent 
verification of the adequacy of NRC licensees’ environmental radiation monitoring programs, 
(5) provide uniform treatment of dosimeters with respect to handling, shipping, calibrating, 
reading, and data processing for all monitored facilities in the United States, and (6) provide 
uniform, consistent environmental radiation monitoring data for use by the Congress, Federal 
and State agencies, monitored facilities, and the public. 
 
This item addressed improvements in the NRC capability to make independent assessments of 
safety and, therefore, was considered to be a licensing issue. 
 
Conclusion 
 
OIE completed installation of TLDs at all operating reactors in August 1980 in accordance with 
the TMI Action Plan schedule. A direct radiation monitoring network was established and a 
program for routine reporting began. The completion of these activities was described in an OIE 
memorandum.236 With the establishment of the NRC TLD direct radiation monitoring network, 
the installation of TLDs at all operating reactor sites, and the routine reporting of the TLD 
measurements, all work required by this item was completed.236,379 Thus, this licensing issue 
was resolved. 
 
ITEM III.D.2.5: OFFSITE DOSE CALCULATION MANUAL 
 
Description  
 
Historical Background 
 
This TMI Action Plan48 item called for the Office of Nuclear Reactor Regulation to prepare a 
manual to be used by the NRC and plant personnel to estimate the maximum individual doses 
and population doses during an accident. 
 
Safety Significance 
 
This issue did not affect core-melt frequency or the amount of radioactivity released. Instead, it 
was intended to reduce the consequences of a major release by assuring that licensees have a 
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rapid and sufficiently accurate method of estimating dose, and that communication between 
licensees and the NRC be expedited by a common standard calculation method used by both. 
 
Possible Solution 
 
The proposed manual was expected to include formulations with which to combine source term 
and meteorological measurements. This would determine offsite dose rates in a manner that 
would be standard among all parties making decisions on public protection and emergency 
response. Appendix 2 to NUREG-0654224 established criteria for automated assessment of 
radiation doses in the event of an accident.  
 
Priority Determination 
 
Frequency Estimate 
 
Because the proposed solution to the issue did not affect core-melt accident frequency, the 
frequencies for the various release categories given for Oconee Nuclear Station, Unit 3, and 
Grand Gulf Nuclear Station, Unit 1, were used unchanged in the value/impact calculation.  
 
Consequence Estimate 
 
In an assessment64 of this issue, PNL experts judged that a 1-percent reduction in public dose 
(man-rem) might be expected as a result of having an offsite dose calculation manual available. 
It was estimated that the changes in consequences would be much less (0.01 percent to 
0.1 percent). Because all sequences would be affected and the risk from both PWRs and BWRs 
was about 210 to 250 man-rem/reactor-year (RY), the risk reduction was estimated to be 0.02 to 
0.2 man-rem/RY.  
 
At the time of the evaluation of this issue in November 1983, there were 43 PWRs and 
27 BWRs operating, with cumulative experience of 350 RY and 260 RY, respectively. 
Considering the 36 PWRs and 21 BWRs that were under construction and assuming a plant life 
of 40 years, there were 2,810 PWR-years and 1,660 BWR-years in the future, for a total of 
4,470 RY. Therefore, the total risk reduction associated with this issue was (0.2)(4,470)man-rem 
or 894 man-rem.  
 
Cost Estimate 
 
Industry Cost: For licensees, 4 man-weeks of training for implementation were assumed, since 
operators were being retrained periodically and this retraining could include dose calculation 
methods. This different method would not incur additional recurring costs. Thus, the total 
industry cost was estimated to be $7,700/plant or $0.98M for 127 plants.  
 
NRC Cost: The NRC had already completed work on development of a portable computerized 
system for dose calculations to be used by the NRC regional offices. This was part of the 
program for NUREG-0654.224 This program was developed to the point of field trials for the 
computerized system. Based on the development costs, an additional $125,000 to develop this 
package into a manual form for use by utilities was assumed. It was estimated that NRC site 
representatives could spend a minimal amount of time (about 2 days) to evaluate initial utility 
performance with the package. This was estimated to be $600/plant. Thus, the total NRC cost 
was approximately $200,000 for all plants. 
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Total Cost: The total industry and NRC cost associated with the possible solution was 
$(0.98 + 0.2)M or approximately $1.2M. 
 
Value/Impact Assessment 
 
Based on an estimated public risk reduction of 894 man-rem and a cost of $1.2M for a possible 
solution, the value/impact score was given by the following:  
 

S = 894 man-rem  
             $1.2M 

 
   = 758 man-rem/$M 

 
Conclusion 
 
Based on the above value/impact score, the issue would have had a MEDIUM priority ranking 
(see Appendix C). However, before approval of the prioritization evaluation in November 1983, 
the Offsite Dose Calculation Manual was published as NUREG/CR-3332, “Radiological 
Assessment—A Textbook on Environmental Dose Analysis,”599 in September 1983. Thus, the 
issue was RESOLVED and no new requirements were issued.598  
 
ITEM III.D.2.6: INDEPENDENT RADIOLOGICAL MEASUREMENTS 
 
Description  
 
This TMI Action Plan48 item dealt with independent radiological measurements; i.e., means of 
collecting data independent of licensees’ programs. An OIE task force developed a plan and 
requirements for upgrading the capability of regional offices to perform independent radiological 
measurements during routine inspections and emergency response operations. The objective of 
the upgrade was to achieve consistent capability among the regional offices, including 
standardization in major equipment items such as mobile laboratory vans, gamma spectrum 
analysis equipment, radiation survey instrumentation, and air-sampling and monitoring devices.  
 
Based on the recommendations of the task force, each region was equipped with complete 
mobile laboratories.235 In some cases, this represented upgrading certain equipment or 
purchasing new equipment. This action item required that revisions be made to the inspection 
program to include the upgrading of the independent radiological measurements. The program 
was included in the routine OIE program for review and revision of the inspection program. As 
new equipment needs were identified, the program was to be revised and the equipment 
acquired. 
 
This item addressed improvements in the NRC capability to make independent assessments of 
safety and, therefore, was considered to be a licensing issue.  
 
Conclusion 
 
With the upgrading of independent radiological measurements and the implementation of other 
recommendations made by the task force, all work required by this item was completed.235,379 
Thus, this licensing issue was resolved. 
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TASK IV.E: SAFETY DECISION-MAKING 

 
 
The objective of this task is to develop plans for an integrated program of safety decision-making. 
These plans include: (1) an expanded program of regulatory research covering methodologies for 
making safety decisions and safety-cost tradeoffs, with application both to decisions regarding the 
overall risk of nuclear power plants and the nuclear fuel cycle and to specific licensing and 
inspection decisions; (2) early resolution of safety issues after they are identified, including 
application of the decisions to operating reactors, reactors under construction, and standard 
designs; (3) elimination of repetitive consideration of identical issues at several stages of the 
licensing process; (4) expanded use of rulemaking to implement safety criteria developed as a 
result of the various Task Action Plans; and (5) improved and expanded systematic assessments 
of operating reactors. 
 
 
ITEM IV.E.1: EXPAND RESEARCH ON QUANTIFICATION OF SAFETY DECISION-
MAKING 
 
Description 
 
This issue is described in NUREG-066048 as follows:  
 
"The purpose of this task is to proceed toward better quantification of safety objectives, including 
safety-cost tradeoffs. The concept will use ongoing research that one might quantify risk and 
possible application of formal decision-making techniques to the regulatory environment. Future 
programs will build on the risk assessment and systems reliability work currently underway and 
incorporate a better assessment of common-mode and human failures. Safety objectives will be 
developed for components and systems, and eventually these might be amalgamated into a more 
tightly bounded, quantitative safety standard, as opposed to a safety objective having fairly large 
inherent uncertainties."  
 
The approach to the resolution of this item is also outlined in NUREG-066048 as follows: 
 
(1) RES will assemble a research task force from a wide variety of professional disciplines. 

The task force will formulate several possible sets of numerical criteria using different 
technical approaches. The formation of the research task force and the conduct of its 
meetings are being coordinated through IEEE with cooperation from other professional 
societies.  

 
(2) BNL has been contracted to independently formulate criteria to investigate the implications 

of safety criteria and to determine the impact of attempting to satisfy such criteria.  
 
(3) Decision theory and survey methods for obtaining criteria are being investigated as 

extensions of previous projects on risk analysis. These methods can provide a separate 
approach to obtain acceptable risk criteria.  

 
(4) Negotiations are underway with various governmental and private agencies for information 

on proposed criteria. In addition, letters have been sent to several hundred individuals 
announcing the project and requesting their contributions. 
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(5) To assure that the criteria receive rigorous peer review, negotiations are underway with 

the National Science Foundation, the National Academy of Sciences, and the American 
Statistical Association.  

 
The current accomplishments include completion of NUREG/CR-1614,275 NUREG/CR-1539,276 
NUREG/CR-1930,277 NUREG/CR-1916,278 and NUREG/CR-2040.279 The current status is such 
that PNL, ORNL, BNL, ANL, IEEE, NRC (Office of Policy Evaluation), and the ACRS are 
completing various elements of the overall program. These activities will develop and exhibit 
approaches with which to better factor risk evaluation into NRC decision-making regarding reactor 
plant safety. This issue does not appear to have a direct effect on public risk reduction or to have 
any industry cost directly associated with its resolution. Therefore, it is a licensing issue.  
 
Conclusion 
 
A value/impact handbook (NUREG/CR-3568)970 was developed by the staff to support specific 
cost/benefit analyses of proposed rules. In November 1986, RES determined that all other staff 
work required by this issue was being pursued in the ongoing work related to the Commission's 
Safety Goal.954 Thus, this Licensing Issue has been resolved. 
 
 
ITEM IV.E.2: PLAN FOR EARLY RESOLUTION OF SAFETY ISSUES 
 
Description 
 
This TMI Action Plan48 item required NRR, in consultation with other appropriate offices, to 
develop a plan for the early identification, assessment, and resolution of safety issues. This item is 
related to the establishment and implementation of an NRC program to identify and resolve safety 
issues and, therefore, is considered a licensing issue. 
 
Conclusion 
 
The plan was presented in SECY-81-5131 on August 25, 1981 and is currently being implemented 
by SPEB. Thus, this Licensing Issue has been resolved. 
 
 
ITEM IV.E.3: PLAN FOR RESOLVING ISSUES AT THE CP STAGE 
 
Description 
 
According to NUREG-0660,48 NRR and ELD transmitted a consent calendar item to the 
Commission on February 14, 1980, entitled "Response to Staff Requirements Memorandum 
(Affirmation Session 79-40) With Respect to Post-CP Design and Other Changes," SECY-80-90. 
This paper discussed five options regarding the establishment of construction requirements. The 
recommendation of this consent paper is to publish an advance notice of public rulemaking to 
obtain comments on these options. After receipt of public comment on the above, the staff will 
prepare a plan to implement methods to resolve as many issues as possible at the construction 
permit stage before major financial commitments in construction occur.  
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An advanced notice of rulemaking was published in the Federal Register in December 1980 with 
a public comment period ending on February 9, 1981. On August 18, 1981, the Director of the 
Division of Risk Analysis sent a memo to distribution proposing an approach to the Rule and 
requested examples of the types of characteristic alterations representing post-CP changes. The 
draft of the Rule is currently being reviewed. 
 
In view of the intent of this item, it is concluded that its resolution does not have a direct effect on 
public risk reduction and is, therefore, considered to be a licensing issue.  
 
Conclusion 
 
Staff stated in the Supplement to this report published in 1986 that the resolution of this Licensing 
Issue was available.  As a part of the improvements to NUREG-0933, the NRC staff clarified in 
SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
 
 
ITEM IV.E.4: RESOLVE GENERIC ISSUES BY RULEMAKING 
 
Description 
 
This TMI Action Plan48 item states that the NRC will undertake the additional task of developing a 
program for reviewing new criteria before their promulgation to determine whether rulemaking 
would be the desirable means of implementation. The intent will be to implement new NRC criteria 
by rule, wherever feasible and timely, instead of by license changes, orders, or changes in 
regulatory guides.  
 
This item does not have a direct effect on public risk reduction nor is there any industry cost 
associated with the completion or implementation of the issue resolution. Thus, it is considered a 
licensing issue.  
 
Conclusion 
 
In November 1986, RES concluded that ongoing NRC activities such as the Safety Goal Program, 
RES independent review of rulemaking, and the Commission policy on backfitting had effectively 
addressed the concerns of this issue.954 Thus, this Licensing Issue has been resolved.  
 
 
ITEM IV.E.5: ASSESS CURRENTLY OPERATING REACTORS 
 
Description 
 
Historical Background 
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As part of developing plans for an integrated program of safety decision making, NRR, in 
consultation with other appropriate offices, will develop a plan for approval by the Commission for 
the systematic assessment of the safety of all operating reactors. Development of such a plan will 
take into account the SEP, the ACRS comments on the program, the IREP plan, and ongoing TMI 
lessons-learned activities. This value/impact assessment of Item IV.E.5 deals with the work under 
the SEP. Value/impact assessments of IREP and NREP are presented in Items II.C.1 and II.C.2, 
respectively. 
 
SEP is now reviewing the 10 oldest plants against current licensing review safety criteria, 
including the SRP, to provide the basis for integrated and balanced backfit decisions. This review 
is nearly complete and, therefore, is not part of this assessment. The next SEP phase involves 
evaluation of 11 additional plants. In this next phase, PRA evaluations will be coordinated with the 
deterministic review method (review against current licensing safety criteria). The PRA will be 
done as part of NREP (TMI Action Plan Item II.C.2).  
 
Possible Solutions 
 
As safety-related problems are identified for each plant, resolutions are developed using 
procedural and administrative changes, possible credit for non-safety systems where justified, and 
hardware backfits as necessary to reduce risk levels. The process used to decide appropriate 
corrective actions employs the judgment of a team of NRC staff familiar with each plant. 
 
Priority Determination 
 
This priority determination uses potential risk reduction analyses and cost estimate information 
provided by PNL.64 
 
Frequency/Consequence Estimate 
 
This public risk reduction analysis for SEP considers only the 11 additional plants currently 
proposed to be reviewed in the first group of Phase III plants, since much of the review of the first 
10 plants in Phase II has been performed. The 11 plants consist of 7 PWRs and 4 BWRs with 
estimated average remaining lives of 24 and 22 years, respectively. In Item II.C.2 (NREP), it is 
estimated that an overall core-melt frequency reduction of 2 x 10-4/RY could be achieved for one-
third of the plants to be reviewed under NREP. Although the NREP evaluation of these plants will 
identify some areas of potentially high risk, the NREP methods do not address areas such as 
external events and structural design which are included in the SEP deterministic review. For this 
issue, it is assumed that the risk reduction estimated for NREP could be achieved by the SEP 
considering only the benefit resulting from using the deterministic review method for external 
events and other issues outside the scope of PRAs (e.g., adequacy of design, structural issues, 
and design errors). 
 
Using the base case core-melt frequency and the base case public risk for each type plant, and 
assuming a population of 340 persons per square mile over an area having a 50 mile radius, the 
average risk per core-melt is 2.5 x 106 man-rem for PWRs and 6.8 x 106 man-rem for BWRs. 
 
Using the average risk value and the assumption stated above that the deterministic review 
method can achieve the core-melt frequency reduction estimated for NREP for one-third of the 
plants reviewed, we can estimate the potential reduction for the SEP Phase III as follows: 
 
PWRs: Risk Reduction = (2.5 x 106 man-rem/core-melt)(2 x 10-4 core-melt/RY) 
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      = 500 man-rem/RY 
 
BWRs: Risk Reduction = (6.8 x 106 man-rem/core-melt)(2 x 10-4 core-melt/RY) 
      = 1,360 man-rem/RY 
 
Summed over the average remaining plant life for the 11 plants proposed, the total public risk 
reduction is calculated to be approximately 80,000 man-rem. 
 
Cost Estimate 
 
Industry Cost: Based on SEP studies completed to date, the following costs per plant are 
estimated: up to $2M for engineering studies to identify areas of plant modification and $2M to 
$20M to design and install modifications. 
 
For purposes of this analysis, assume a conservative implementation cost per plant of $2M for 
engineering studies at each of the 11 plants plus $10M average design and installation (including 
capital equipment cost) at one-third of the plants. For 11 plants, the total industry cost is $[(11)(2) 
+ (1/3)(11)(10)]M or $55M.  
 
NRC Cost: Based on past studies, NRC staff effort has totaled 10 man-yr/plant plus $700,000 
contract technical support per plant. Thus, total development and implementation cost, at 
$100,000/man-year, is: 
 
  (10 man-years/plant)($100,000/man-yr) + ($700,000/plant)(11 plants) = $19M. 
 
Assuming NRC staff effort for review and inspection of plant modifications at one-third of the 
plants is 0.5 man-wk/RY and the average remaining life of these plants is 23 years, then the total 
plant review cost is: 
 
    (0.5 man-wk/RY)($2,000/man-wk)[(1/3)(11)(23)RY] = $0.1M. 
 
Value/Impact Assessment 
 
Based on a public risk reduction of 80,000 man-rem, the value/impact score is given by:  
 
S =  80,000 man-rem  
$(55 + 19)M 
 
  = 1,000 man-rem/$M 
  
Other Considerations 
 
If the cleanup of an accident is assumed to require 19,900 man-rem and the same assumption on 
accident frequency reduction is retained, the total reduction in occupational exposure would be 
170 man-rem. An estimate of the occupational exposure to implement any changes cannot be 
made without identifying the specific changes. However, there would likely be some increase in 
occupational exposure, but it would be small compared to the public risk reduction. 
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An additional consideration is that plant damage is estimated to be $1,650M per plant for core-
melt. Thus, total averted plant damage for one-third of the plants with a reduced core-melt 
frequency could be 
 
($1,650M)(2 x 10-4/RY)[(1/3)(11)(23)RY] = $28.9M 
 
Uncertainties 
 
Since the 11 plants considered are older plants, it is possible that the assumed 10-4/RY risk 
reduction may be achieved for more than one-third of the 11 plants as assumed, thus resulting in 
greater risk reduction with an associated increase in implementation cost. However, the 
value/impact score would not change appreciably. 
 
Conclusion 
 
The value/impact score indicates a medium priority. However, the potentially large, though 
uncertain, risk reduction of nearly 80,000 man-rem justified a high priority ranking.  
 
Work completed by the staff on this item was closely related to the accomplishments under 
Item II.C.2. Whereas Item II.C.2 called for the initiation of IREP studies (i.e. plant-specific PRAs) 
on all remaining operating reactors, Item IV.E.5 called for the development of a plan for the 
systematic assessment of the safety of all operating reactors. The Integrated Safety Assessment 
Program (ISAP), presented in SECY-84-133814 and SECY-85-160,815 provided for a 
comprehensive review of selected operating reactors to address all pertinent safety issues and to 
provide an integrated cost-effective implementation plan for making needed changes. Under 
ISAP, each plant would be subject to an integrated assessment of safety topics, a probabilistic 
safety assessment, and an evaluation of operating experience. 
 
NRC guidance, as described in the Severe Accident Policy Statement (see Item II.B.8), states that 
OLs will be expected to perform plant-specific PRAs in order to discover instances of particular 
vulnerability to a core-melt or poor containment performance, given a core-melt. Thus, this item 
was RESOLVED and no new requirements were established.816 
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TASK V.D: LICENSING PROCESS 

 
 
The objective of this task was to enhance public participation in, and make needed reforms to, the 
nuclear licensing process. 
 
 
ITEM V.D.1: IMPROVE PUBLIC AND INTERVENOR PARTICIPATION IN THE 
HEARING PROCESS 
 
Description 
 
This NUREG-0660,48 Rev. 1 item called for the Commission to assess alternative  methods to 
enhance public and intervenor participation in the hearing process by undertaking a pilot program 
for intervenor funding in accordance with the FY-81 budget request and by studying the concept 
of an Office of Hearing Counsel, as described by the President's Commission recommendation, 
and other concepts of Public Counsel (such as the Office of Public Counsel recommended by the 
NRC Special Inquiry Group or concepts used by some Public Service Commissions). If such 
concepts proved to be desirable, the Commission was to propose the needed legislation. This 
item was originally identified as Item 5 in Chapter V but was made Item V.D.1 in Rev. 1 to 
NUREG-0660.48 
 
The NRC sought authorization to establish a pilot program872 to fund intervenors in its budget 
request for FY-81. Congress not only failed to enact such legislation, but included a provision in 
NRC's 1981 Appropriations Act (Public Law 96-367)924 which precluded the use of funds to pay 
the expenses of, or otherwise compensate, parties intervening in NRC proceedings. After 
enactment of this legislation and issuance of an opinion by the Comptroller General on December 
3, 1980, the NRC terminated873,874 a one-year pilot program it had established to provide 
intervenors certain forms of procedural assistance, such as free hearing transcripts and service of 
documents. Congress also barred the NRC from funding intervenors in FY-82 and FY-83. Prior to 
Congressional action, OGC had begun a review of the desirability of creating an Office of Public 
Counsel. After Congress prohibited intervenor funding, OGC terminated its review. 
 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence is assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
This Licensing Issue has been resolved. 
 
 
ITEM V.D.2: STUDY CONSTRUCTION-DURING-ADJUDICATION RULES 
 
Description 
 
This NUREG-0660,48 Rev. 1 item called for the Commission to complete rulemaking on whether 
construction should be permitted while challenges to a construction permit authorized by a 
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licensing board are under administrative adjudication. This item was originally identified as Item 6 
in Chapter V but was made Item V.D.2 in Rev. 1 to NUREG-0660.48 
 
Following the TMI-2 accident, the Commission suspended in part its so-called immediate 
effectiveness rule. This rule had authorized the issuance of reactor construction permits or 
operating licenses immediately upon receipt of a favorable licensing Board decision, 
notwithstanding the filing of administrative appeals. In its place, the Commission instituted a 
mandatory review procedure for such decisions. In 1981, the rule was partially reinstated with 
respect to decisions authorizing the issuance of a reactor operating license. The rule, as applied 
to decisions authorizing reactor construction, has been the subject of a separate rulemaking. 
 
The Commission published a notice of proposed rulemaking and requested comments on several 
options for amending the immediate effectiveness rule for construction permit decisions.875 On 
October 25, 1982, the Commission published a proposed rule that would make the effectiveness 
review procedures for construction permits conform to those for operating licenses.876 The 
Commission noted that it was still considering the various options presented and that revisions 
might be proposed later as part of broader reforms to the Commission's hearing process. As a 
result of further consideration, the Commission now has pending before it a new rulemaking 
proposal relative to immediate effectiveness reviews for both construction permits and operating 
licenses. 
 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
Staff stated in the Supplement to this report published in 1986 that a solution to this Licensing 
Issue was available, but the item had not been resolved.  As a part of the improvements to 
NUREG-0933, the NRC staff clarified in SECY-11-0101, “Summary of Activities Related to 
Generic Issues Program,” dated July 26, 2011,1967 that the Generic Issues Program will not 
pursue any further actions toward resolution of licensing and regulatory impact issues. Because 
licensing and regulatory impact issues are not safety issues by the classification guidance in the 
legacy Generic Issues Program, these issues do not meet at least one of the Generic Issues 
Program screening criteria and do not warrant further processing in accordance with 
Management Directive 6.4, “Generic Issues Program,” dated November 17, 2009.1858 Therefore, 
this issue will not be pursued any further in the Generic Issues Program. 
 
 
ITEM V.D.3: REEXAMINE COMMISSION ROLE IN ADJUDICATION 
 
Description 
 
This NUREG-066048 Rev. 1 item called for the Commission to review its role in adjudications to 
examine the extent of Commission involvement in licensing proceedings and to eliminate any 
undesirable and unnecessary insulation of the Commission from decision-making activities of the 
staff. This item was originally identified as Item 17 in Chapter V but was made Item V.D.3 in Rev. 
1 to NUREG-0660.48 
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The Commission's role in adjudication is addressed under three topics: the immediate 
effectiveness review, the appellate process structure, and communications between the 
Commission and the staff. 
 
Immediate Effectiveness Reviews: Following the TMI-2 accident, the Commission promulgated 
amendments to its regulations (10 CFR 2.764) which increased the Commission's role in 
adjudications. Under the revised regulations, decisions by Atomic Safety and Licensing Boards 
(ASLB) which authorize a utility to operate a facility at full power do not become effective upon 
issuance. Instead, the Commission conducts an "immediate effectiveness review" to determine 
whether the ASLB decision should be effective during the pendency of administrative appeals. 
The Commission seeks to complete these reviews within 30 days of the ASLB decision, or on an 
otherwise timely basis when the applicant has not completed construction or is not otherwise 
ready to operate at full power. 
 
In 1981, the Commission established a Regulatory Reform Task Force to examine the NRC's 
licensing process. This Task Force recommended a different approach; it advocated the 
"immediate effectiveness" rule that was in place prior to the TMI-2 accident, i.e., construction 
permits and operating licenses should be issued on the basis of favorable ASLB decisions with an 
immediate effectiveness review by the Commission. In October 1982, the Commission issued for 
public comment a Notice of Proposed Rulemaking876 which, if adopted, would extend the 
immediate effectiveness review procedures to ASLB decisions which authorize the issuance of 
construction permits or limited work authorizations. 
 
As is indicated in the discussion under Item V.D.2 above, the Commission now has pending 
before it a new rulemaking proposal relative to immediate effectiveness reviews for operating 
licenses. 
 
Structure of the Appellate Process: The Commission has a three-tier adjudicatory system. Matters 
are first heard by an ASLB, followed in most cases by a mandatory review by an ASLAB and then 
by a discretionary Commission review. In December 1979, OGC prepared a study of the 
Commission's appellate system. One option examined, but not recommended, was to increase 
the Commission's adjudicatory role by eliminating the ASLAB. After receiving public comments on 
the study, the Commission decided not to abolish ASLAB review. The Regulatory Reform Task 
Force recommended to the Commission that it remove the ASLAB as an intermediate appeal 
body, but assign it responsibility of drafting Commission adjudicatory orders. The Commission did 
not adopt this recommendation.984 
 
Communications Between the Commission and the Staff: The Commission's Regulatory Reform 
Task Force recommended that the Commission modify its separation of functions (10 CFR 2.719) 
and ex parte rules (10 CFR 2.780) to permit greater communication between the Commission and 
the staff on matters under adjudication. 
 
On March 26, 1986, the Commission published a proposed rule to revise the Commission's 
separation of functions and ex parte rules.877 Present rules preclude communications between the 
Commission and any NRC staff member concerning a substantive matter at issue in a formal 
adjudicatory proceeding. Under this proposed rule, only those members of the NRC staff who are 
involved in an "investigative or litigative" function relative to a particular proceeding would be 
barred from communicating with the Commission on disputed issues in the proceeding, thereby 
allowing for much wider Commission access to staff expertise. 
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On November 2, 1983, the Commission published in the Federal Register an Advanced Notice of 
Proposed Rulemaking on the role of the NRC staff in the licensing process.985 After evaluating the 
public comments, the Commission determined that no change should be made in the staff's role 
and accordingly withdrew its Advance Notice of Proposed Rulemaking.986 
 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
 
Conclusion 
 
Staff stated in the Supplement to this report published in 1986 that a portion of this item had not 
been resolved.  As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-
11-0101, “Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 
that the Generic Issues Program will not pursue any further actions toward resolution of 
licensing and regulatory impact issues. Because licensing and regulatory impact issuess are not 
safety issues by the classification guidance in the legacy Generic Issues Program, these issues 
do not meet at least one of the Generic Issues Program screening criteria and do not warrant 
further processing in accordance with Management Directive 6.4, “Generic Issues Program,” 
dated November 17, 2009.1858 Therefore, this issue will not be pursued any further in the 
Generic Issues Program. 
 
 
ITEM V.D.4: STUDY THE REFORM OF THE LICENSING PROCESS 
 
Description 
 
This NUREG-0660,48 Rev. 1 item called for the Commission to study alternatives to reform the 
licensing process. One suggested reform would abolish the present two-step process for initial 
licensing and would substitute a one-step process with increased public involvement prior to the 
hearing. It would also involve continued NRC jurisdiction after issuance of the single permit to 
verify that plant construction conforms with plans and permit specifications. The Commission was 
to study the standardization of nuclear power plants and consider suspending review and 
proceedings for applications for CPs and LWAs until the reform issues were resolved. This item 
was originally identified as Item 9 in Chapter V but was made Item V.D.4 in Rev. 1 to 
NUREG-0660.48 
 
In its first formal response to the President's Commission on the TMI-2 accident, the Commission 
noted that a revision of licensing procedures to emphasize early and effective resolution of safety 
issues would require legislation (NUREG-0632).878 Prior to forwarding proposed legislation to the 
Congress, the Commission took steps to improve the balance and efficiency of the power reactor 
licensing process. In May 1981, a statement of policy on the conduct of licensing proceedings was 
issued describing procedural devices which could expedite the hearings and providing 
Commission guidance on the use of such tools.879 In addition, the Commission's rules of practice 
(10 CFR 2) were amended to expedite certain aspects of adjudicatory proceedings. Two rules 
were promulgated in 1982: (1) elimination of the need for power and alternative energy source 
issues from reactor operating license proceedings; and (2) elimination of the requirements for the 
review of financial qualifications of state-regulated public utilities applying for permits or licenses. 
Both of these rules were expected to further expedite licensing hearings. In view of the limitations 
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of rulemaking as a means of reforming the nuclear power plant licensing process, the Commission 
proceeded to develop proposals for statutory changes that would accomplish the desired reforms. 
 
In November 1981, the Commission established the Regulatory Reform Task Force880 to review 
the NRC's licensing process. As a result of the efforts of this group and senior NRC officials, the 
Commission in June 1982 issued for public comment a draft of proposed legislation, "Nuclear 
Standardization Act of 1982," which included provisions for one-step licensing, issuance of a 
combined construction permit and operating license, and licensing of standardized plant. After 
review and consideration of the public comments and comments provided by an Ad Hoc 
Committee for the Review of Nuclear Reactor Licensing Reform Proposals, the Commission 
developed a draft bill, "Nuclear Power Reactor Licensing Reform Act of 1983," and on February 
21, 1983 forwarded it to the Congress.881 The 98th Congress did not act on the Commission's 
1983 legislative proposal. The Commission submitted a revised proposal to the 99th Congress in 
1985, but again Congress did not act. 
 
The Regulatory Reform Task Force proposed that a number of reforms be accomplished via 
rulemaking: (1) amendment of 10 CFR 50 to modify the backfitting provision and associated 
sections applicable to reactors; (2) amendment of 10 CFR 2 and 10 CFR 50 to improve the quality 
of the hearing process; (3) amendment of 10 CFR 2 regarding separation of functions and ex 
parte communications in on-the-record adjudications; and (4) amendment of 10 CFR 2 to limit 
NRC staff participation as a party in contested initial license proceedings to issues on which the 
staff disagrees with the license applicant. 
 
The Commission on September 20, 1983 issued a policy statement882 on revising the backfitting 
process. It also issued an Advanced Notice of Proposed Rulemaking883 on the backfitting process 
and presented a number of questions for public response. The final rule884 on the backfitting 
process was published in September 1985. 
 
The Commission on November 23, 1983 issued an Advance Notice of Proposed Rulemaking on 
amending its rules of practice (10 CFR 2) to change the staff's role in adjudicatory licensing 
hearings summarized this issue and presented a number of options for rulemaking and solicited 
public response to a set of questions.877 The Commission withdrew this notice after determining 
that no change in the staff role was warranted.986 
 
The Commission on April 12, 1984 published987 a Federal Register notice soliciting public 
comments on the changes to the hearing process proposed by the Regulatory Reform Task 
Force. After reviewing the public comments, the Commission determined that four of the 
proposals merited further consideration. These were published as a proposed rule.988 The 
comment on October 17, 1986 and final action on the proposals is expected in early 1987. 
 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
Staff stated in the Supplement to this report published in 1986 that this item was only partially 
resolved.  As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-
0101, “Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that 
the Generic Issues Program will not pursue any further actions toward resolution of licensing 
and regulatory impact issues. Because licensing and regulatory impact issues are not safety 
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issues by the classification guidance in the legacy Generic Issues Program, these issues do not 
meet at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
References 
 
48. NUREG-0660, “NRC Action Plan Developed as a Result of the TMI-2 Accident,” U.S. 

Nuclear Regulatory Commission, May 1980, (Rev. 1) August 1980. 
 
872. Federal Register Notice 45 FR 49535, “10 CFR Part 2, Procedural Assistance in 

Adjudicatory Licensing Proceedings,” July 25, 1980. 
 
873. Federal Register Notice 46 FR 13681, “10 CFR Part 2, Domestic Licensing Proceedings; 

Procedural Assistance Program,” February 24, 1981. 
874. Memorandum for L. Bickwit from S. Chilk, “SECY-81-391—Provision of Free Transcripts 

to All Full Participants in Adjudicatory Proceedings: May 11, 1981 Comptroller General 
Decision,” February 25, 1982. 

 
875. Federal Register Notice 45 FR 34279, “10 CFR Parts 2, 50, Possible Amendments to 

‘Immediate Effectiveness Rule,’” May 22, 1980. 
 
876. Federal Register Notice 47 FR 47260, “10 CFR Part 2, Commission Review Procedures 

for Power Reactor Construction Permits; Immediate Effectiveness Rule,” October 25, 
1982. 

 
877. Federal Register Notice 51 FR 10393, “10 CFR Parts 0 and 2, Revision of Ex Parte and 

Separation of Functions Rules Applicable to Formal Adjudicatory Proceedings,” March 26, 
1986. 

 
878. NUREG-0632, “NRC Views and Analysis of the Recommendations of the President’s 

Commission on the Accident at Three Mile Island,” U.S. Nuclear Regulatory Commission, 
November 1979. 

 
879. Federal Register Notice 46 FR 28533, “Statement of Policy on Conduct of Licensing 

Proceedings,” May 27, 1981. 
 
880. Memorandum for All Employees from N. Palladino, “Regulatory Reform Task Force,” 

November 17, 1981. 
 
881. Letter to the Honorable Thomas P. O’Neill, Jr. from N. Palladino, February 21, 1983. 
 
882. Federal Register Notice 48 FR 44173, “10 CFR Part 50, Revision of Backfitting Process 

for Power Reactors,” September 28, 1983. 
 
883. Federal Register Notice 48 FR 44217, “10 CFR Part 50, Revision of Backfitting Process 

for Power Reactors,” September 28, 1983. 
 



 Revision 1 

September 30, 2011 1.V.D-7 NUREG-0933 

884. Federal Register Notice 50 FR 38097, “10 CFR Parts 2 and 50, Revision of Backfitting 
Process for Power Reactors,” September 20, 1985. 

 
924. SECY-96-107, “Uniform Tracking of Agency Generic Technical Issues,” U.S. Nuclear 

Regulatory Commission, May 14, 1996. [9605230140] 
 
928. Memorandum for A. Thadani from T. Speis, “Generic Safety Issue (GSI)-166, ‘Adequacy 

of Fatigue Life of Metal Components,’” August 26, 1996. [9808210022] 
 
984. Memorandum for J. Tourtelotte et al. from S. Chilk, “Addendum to SRM M841218—

Briefing and Discussion on the Hearing Process, 2:00 p.m., Tuesday, December 18, 1984, 
Commissioners’ Conference Room, D.C. Office (Open to Public Attendance),” January 31, 
1985. [8502060511] 

 
985. Federal Register Notice 48 FR 50550, “10 CFR Part 2, Rules of Practice for Domestic 

Licensing Proceedings; Role of NRC Staff in Adjudicatory Licensing Hearings,” November 
2, 1983. 

 
986. Federal Register Notice 51 FR 36811, “10 CFR Part 2, Rules of Practice for Domestic 

Licensing Proceedings; Role of NRC Staff in Adjudicatory Licensing Hearings,” October 
16, 1986. 

 
987. Federal Register Notice 49 FR 14698, “10 CFR Parts 2 and 50, Request for Public 

Comment on Regulatory Reform Proposal Concerning the Rules of Practice, Rules for 
Licensing of Production and Utilization Facilities,” April 12, 1984. 

 
988. Federal Register Notice 51 FR 24365, “10 CFR Part 2, Rules of Practice for Domestic 

Licensing Proceedings—Procedural Changes in the Hearing Process,” July 3, 1986. 
 
1858. Management Directive 6.4, “Generic Issues Program,” U.S. Nuclear Regulatory 

Commission, November 17, 2009. 
 
1967. SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” July 26, 

2011. [ML111590814] 
 
 





 Revision 1 

September 30, 2011 1.V.E-1 NUREG-0933 

 
TASK V.E: LEGISLATIVE NEEDS 

 
 
The objective of this task was to evaluate legislative needs evidenced by and from TMI.  
 
 
ITEM V.E.1: STUDY THE NEED FOR TMI-RELATED LEGISLATION 
 
Description 
 
This NUREG-0660,48 Rev. 1 item called for the Commission to study the need for legislation with 
respect to the following:  
 
(1) Clarification of NRC authority to issue a license amendment prior to a hearing when 

necessary to ensure the health and safety of the public; 
 
(2) Determination of whether NRC should seek an amendment to the Sunshine Act to reduce 

the Act's requirements for Commission meetings during an emergency;  
 
(3) Determination of NRC's current legal authority to take over and conduct cleanup actions at 

a nuclear facility and with respect to the Federal Government's (a) liability for damages 
occurring during a cleanup conducted by NRC, and (b) entitlement to reimbursement for 
cleanup costs;  

 
(4) The continuing desirability of the Price-Anderson Act in two areas: (a) extraordinary 

nuclear occurrence, and (b) limitation of liability;  
 
(5) Desirability of creating a new category of license to be issued in place of an operating 

license for a facility during an extended recovery period following a major accident;  
 
(6) The need for new or modified NRC authority to address the establishment of a chartered 

national operating company or consortium.  
 
This item was originally identified as Item 7 in Chapter V but was made Item V.E.1 in Rev. 1 to 
NUREG-0660.48  
 
The following is a discussion of NRC actions on the six subtasks of this item: 
 
(1) Section 12 of Public Law 97-415928 was amended in 1983 and clarified Commission 

authority under Section 189a of the Atomic Energy Act of 1954. This amendment, 
commonly referred to as the "Sholly Amendment," clarified NRC authority to issue a 
license amendment prior to a hearing when necessary to ensure the health and safety of 
the public. Thus, this subtask was resolved. 

 
(2) The NRC Reorganization Plan No. 1 of 1980929 directed the Chairman to act for the 

Commission in emergencies. This legislation nullified the need for any amendment to the 
Sunshine Act which originally required Commission meetings during emergencies. Thus, 
this subtask was resolved. 
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(3) In November 1980, NRC issued NUREG-0689931 which adddressed NRC's legal authority 
over cleanup activities. After receiving this document, the Commission has not sought any 
legislation to augment or clarify its authority. Thus, this subtask has been resolved.  

 
(4) The Congress is expected to pass, in the next legislative session, a revision to the Price-

Anderson Act which will alter the limitation on liability provisions. It is likely that the 
extraordinary nuclear occurrence (ENO) provisions will remain in slightly modified form. 
The Commission published a proposed amendment to 10 CFR 140 revising its criteria for 
an ENO in April of 1985.989 A final rule is expected in 1987. This subtask will be resolved 
when a final rule is approved by the Commission.  

 
(5) Although it might be convenient to have a special category of license for a facility engaged 

in extended recovery operations, it has been the Commission's experience with the TMI-2 
cleanup phase that NRC's authority to issue orders and license amendments provides 
adequate flexibility for conducting recovery operations within the framework of the 
preexisting facility license. Accordingly, the staff determined that there was no need to 
develop a new license category. Thus, this subtask has been resolved. 

 
(6) This subtask called for the formation of an industry-wide consortium to operate the nuclear 

plants of utilities that are unable to meet the increased regulatory demands resulting from 
the TMI-2 accident. The Commission has not sought legislation in this area. Thus, this 
subtask has been resolved. 

 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
Staff stated in the Supplement to this report published in 1986 that this item would be resolved 
when Subtask (4) was completed.  As a part of the improvements to NUREG-0933, the NRC 
staff clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” 
dated July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions 
toward resolution of licensing and regulatory impact issues. Because licensing and regulatory 
impact issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ITEM A-19: DIGITAL COMPUTER PROTECTION SYSTEM 

 
 
Description 
 
At the time this issue was identified in NUREG-0371,2 trends in the design of nuclear power 
plants showed an increase in the use of digital computer technology in safety-related 
instrumentation and control systems. The first application of this technology was Arkansas 
Nuclear One, Unit 2 (ANO-2), where digital computers were used in the initiating logic for two 
reactor trip parameters. After the ANO-2 application, other digital computers, such as core 
protection calculators, were installed by licensees to provide reactor trip signals. 
 
Since digital technology is considerably different from analog technology, the criteria appropriate 
for the safety review of digital computer-based systems are different from those used for 
analog-based systems. Thus, in this issue, the staff identified the need to standardize the safety 
review of reactor protection systems that incorporated digital computers. It was believed that the 
results of such standardization would be: (1) the definition of the staff's requirements for the 
design, development, and qualification of digital computers for use by applicants; and (2) an 
SRP11 that would define uniform and consistent guidelines for the conduct of the staff's safety 
review. 
 
Conclusion 
 
In 1982, ANS and IEEE jointly approved the standard ANSI/IEEE-ANS-7-4.3.21324 which 
established a method for designing, verifying, and implementing software, and validating 
computer systems used in the safety-related systems of nuclear power plants.1237 In 1985, the 
NRC issued Regulatory Guide 1.1521325 which endorsed the method in 
ANSI/IEEE-ANS-7-4.3.2-1982.1324 At the time this issue was evaluated in 1991, the staff was 
conducting a research program to investigate the use of digital computer safety systems at 
nuclear power plants.1286 In particular, specific licensing needs in the area of microcomputer and 
Artificial Intelligence Systems had been identified and were to be addressed. The desired end 
product of the research effort was a regulatory guide for the design, development, acceptance 
testing, and periodic functional verification of Class 1E computer safety systems, and an SRP11 
addendum providing review guidance for digital computer systems in nuclear power plant safety 
systems (by referencing Regulatory Guide 1.1521325 and the new regulatory guide).  
 
Since this issue addressed the use of alternative (i.e., digital instead of analog) technology for 
nuclear power plant safety systems, it was not intended that the use of digital technology would 
result in a change in the safety of existing nuclear power plants. Thus, the issue addressed the 
staff=s efforts in improving its capability to make independent assessments of safety and was 
classified as a Licensing Issue. 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
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November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ITEM A-20: IMPACTS OF THE COAL FUEL CYCLE 

 
 
Description 
 
At the time this issue was identified in NUREG-0371,2 compliance with NEPA required that 
alternatives to a proposed Federal action be considered, and that required alternatives be 
balanced against the base case in terms of their associated environmental impacts. NRC had 
established, through its rulemaking authority, a generic description and evaluation of the 
environmental impacts of the uranium fuel cycle in WASH-1248,456 NUREG-0116,457 and 
NUREG-0216.458 Based on these studies, a summary table, Table S-3, had been prepared and 
promulgated as regulation in 10 CFR Part 51.20(e). 
 
In 1978, a coal-fired plant was considered the only realistic alternative to a nuclear power plant. 
Existing treatment of the coal alternative was aimed essentially at economics and public health 
impacts; it was relatively incomplete in other areas of impact. It was believed that the 
comparison of the coal alternative to a proposed nuclear facility would be significantly improved, 
if a study were conducted for the coal fuel alternative that augmented the work that had been 
done by ANL in the area of health effects. Such a study would provide a comprehensive 
summary which evaluated the environmental effects of the coal fuel cycle in a form directly 
comparable to that for the uranium fuel cycle. In the absence of such a generic treatment of the 
effects of using coal for generating electric power, it was necessary for the staff to develop an 
analysis de novo for each licensing action, to present this individual analysis in detail in the EIS, 
and to defend it throughout the hearing process. It was believed that this repetitive staff effort 
could be avoided by preparing a generic statement suitable to support rulemaking proceedings. 
After the rulemaking procedure, such a statement would have the force of law necessary to 
avoid repetitive staff effort. 
 
A thorough analysis of alternatives to a proposed nuclear power plant required an evaluation of 
the environmental effects of the coal fuel cycle to the same extent as the nuclear cycle. The 
environmental effects of the coal fuel cycle had long been recognized as being significant. 
There were deleterious effects to human health due to burning coal, but there were other 
significant socioeconomic and other environmental impacts at each stage of the cycle. For 
example, mining coal exacts a penalty in human health and safety, may require modification of 
large areas of land use requiring expensive reclamation and habitat restoration, and frequently 
produces polluting liquid and solid mine wastes. Environmental, social, economic, and health 
effects also accompany the transportation, storage, treatment, combustion, and waste 
management and disposal aspects of the fuel cycle. Failure to treat these factors had been 
criticized by ASLB and the ASLAB in the past, necessitating increased staff efforts in this 
direction. 
 
Conclusion 
 
This issue addressed the staff=s efforts in improving its capability to make independent 
assessments of safety and, therefore, was considered a Licensing Issue. The issue had been 
covered extensively in NUREG-0252,459 NUREG/CR-1060,460 and NUREG-0332,461 and further 
work on the subject had been discussed with personnel of the National Academy of Sciences 
who had expressed the view that adequate scientific bases for analyzing impacts of coal 
burning did not exist. It was thought that a workshop could be arranged to determine what the 
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questions were and how they could be resolved. Definitive answers required an extensive 
program over a period of years and the role of the NRC in carrying out such a program was 
expected to be determined by the Commission.412 The results of this issue were expected to be 
used in Item B-72.2 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ITEM A-23: CONTAINMENT LEAK TESTING 

 
 
Description 
 
Historical Background 
 
Since the issuance of Appendix J to 10 CFR Part 50 in February 1973, certain requirements of 
the appendix have been found to be conflicting, impractical for implementation, or subject to a 
variety of interpretations by the NSSS vendors, architect-engineers, utilities, and the staff. 
These requirements made it difficult to determine if applicants and licensees had developed 
uniformly acceptable containment leak testing programs and for field inspectors to judge the 
acceptability of a licensee's containment leak testing practices. This also led to increases in the 
time devoted to leak testing that could unnecessarily delay the return of a plant to service 
following a refueling outage.  
 
This NUREG-03712 item consists of revising and clarifying Appendix J and issuing a Regulatory 
Guide to establish containment leak testing methods which incorporate containment leak testing 
experience and are acceptable to the NRC staff. Thus far, NRR has provided recommended 
changes to a Working Paper122 on Appendix J which was developed by RES in May 1982. Also, 
NRR is currently reviewing a draft Regulatory Guide123 which will endorse ANSI/ANS 56.8-
1981,99 "Containment System Leakage Testing Requirements." This task was assumed not to 
include the issue of implementing a gross check for containment integrity which is addressed 
separately as TMI Action Plan Item II.E.4.3. 
 
Safety Significance 
 
Containment leak testing is part of assuring and verifying containment structure pressure 
integrity. Therefore, uncertainties in conducting containment leak tests can reduce assurance 
that the containment structure is being maintained to meet its design leakage rate. 
 
Possible Solutions 
 
Revising and clarifying the Appendix J requirements and issuing a Regulatory Guide that 
provides acceptable containment leak testing methods would eliminate ambiguities in the 
regulation, reduce the compliance burden on licensees by reducing the number of exemption 
requests licensees are required to submit, and reduce the paperwork burden on NRC. 
 
Priority Determination 
 
Frequency/Consequence Estimate 
 
A preliminary risk reduction assessment has been performed for the containment leak rate 
improvements expected from the Appendix J revision and the proposed Regulatory Guide. In 
this assessment, we assumed that the improvement in leak testing requirements could 
potentially reduce the uncertainty in containment integrated leak rate test results by an amount 
equivalent to the design leakage rate. Improvement in containment leakage will only affect the 
consequence of core-melt events and mitigated LOCA events in which overall containment 
integrity is maintained. Therefore, we limited the public risk calculation to WASH-140016 PWR-7 
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and PWR-9 events, an event similar to a BWR-4 event but with lower containment leakage and 
less offsite dose consequences, and a BWR-5 event in determining the probability of the events 
and the potential reduction in offsite consequences. We assumed that the potential offsite dose 
was 20,000 man-rem/event for the PWR-7 and BWR-4 type of events, 120 man-rem/event for a 
PWR-9 event, and 20 man-rem/event for a BWR-5 event. These are taken from recent CRAC 
Code64 calculations of the integrated whole body man-rem dose to the public in a 50-mile radius 
of a plant with an average population density of 340 persons per square mile. We assumed a 
total population of 143 plants (i.e., those now operating plus those yet to be licensed) with an 
average remaining operating life of 28 years.  These assumptions resulted in an estimated 
probable total dose to the public of slightly over 1,000 man-rem over the lifetime of the reactors. 
 
Cost Estimate 
 
The Working Paper122 on revising Appendix J and the draft Regulatory Guide,123 while 
eliminating the ambiguities in the current regulation, include some proposed provisions that 
potentially represent more stringent requirements on the licensee. Examples of such provisions 
are: (1) to require reporting results of unsuccessful containment penetration leak tests as well as 
successful tests; (2) to require Type A leak tests to be conducted at full pressure rather than at 
reduced pressure and extrapolated to full pressure; and (3) to provide specific guidance for 
standardization of acquisition, evaluation, and reporting of leak test data. 
 
We estimated that these changes in leak rate test requirements would result in a net cost to a 
licensee of an average of $0.5M/yr for additional testing and evaluation of data, reporting, etc. 
We assumed that the NRC resources necessary to complete revision of Appendix J and issue a 
Regulatory Guide on leak testing would be balanced by the subsequent reduction of paperwork 
burden on NRC. 
 
Value/Impact Assessment 
 
Using the information above, the overall value/impact score for PWRs and BWRs is about 
0.5 man-rem/$M. 
 
Conclusion 
 
Staff stated in the main report of NUREG-0933 published in 1983 that revising Appendix J and 
issuing a Regulatory Guide with acceptable containment leakage testing methods had a low 
potential for reducing risk. However, considering the work accomplished at that time, it was 
recommended that the containment leakage task be completed as a Regulatory Impact issue on 
the basis of reducing the compliance burden on licensees and the paperwork burden on the 
NRC. However, emphasis was placed on eliminating the ambiguities in the present regulation 
without imposing more stringent leakage testing requirements since they did not appear to be 
effective in reducing risk. 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
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November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ITEM A-27: RELOAD APPLICATIONS 

 
 
Description 
 
By letter dated June 18, 1975, licensees of operating reactor facilities were sent a preliminary 
copy of a staff paper, "Guidance for Proposed License Amendments Relating to Refueling," and 
"Refueling Information Request Form." The purpose was to provide guidance, although 
preliminary, to licensees on what information the staff considers to be essential for the conduct 
of its review of core reload submittals. In order to add more predictability to the review process 
and to improve the staff scheduling of such reviews, licensees were asked to submit the 
Refueling Information Request data within 30 days after receipt of the letter and were requested 
to update the information annually thereafter (or more often if appropriate). 
 
The purpose of this NUREG-03712 task is to: (1) update the preliminary guidance issued to 
licensees in the June 18, 1975 letter to assure conformance with the latest staff technical 
positions that relate to core reloads, and (2) prepare formal review procedures to assure prompt 
and uniform review of the licensee reload submittals. Revision of procedures for review of 
reloads is an important task in order to assure that projected staffing levels will be sufficient to 
accommodate future reload reviews. Under the present system of individualized reload reviews, 
the staff level for reload reviews would have to grow proportional to the number of facilities 
being licensed. 
 
With regard to updating our guidance to licensees, providing licensees with uniform and 
up-to-date information on our criteria will help to make the review process more orderly and 
predictable. Ultimately, standardizing the review process will encourage licensees to plan 
reloads which do not require prior NRC approval and thus will serve to reduce our staffing 
commitment to reload reviews. Once uniform criteria in the form of the BTP have been 
developed for use with operating reactors, then a reexamination of the OL stage of licensing will 
be made to determine if any incentives to licensees exist which would encourage evaluation of 
reloads prior to receipt of the OL. This would have the effect of allowing the licensee to perform 
reloads according to certain specifications without NRC approval beyond granting of the OL. In 
addition, the revised guidance would further underscore our interest in early identification of 
non-reload related activities which often take place during refueling outages and which require 
Commission review. 
 
Conclusion 
 
This Licensing Issue was intended to provide a comprehensive guidance document for use by 
technical reviewers in considering applications for core reloads. A draft Regulatory Guide was 
issued for comment in September 1979 but was never issued in final form. An NRR Task Force 
to Address Licensing Reload Reviews reported on November 19, 1981, and recommended 
preparation of a new Regulatory Guide.412 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
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at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ITEM B-11: SUBCOMPARTMENT STANDARD PROBLEMS 

 
 
Description 
 
The calculations of differential pressure that occur in containment subcompartments from a 
loss-of-coolant event require a complex fluid dynamic analysis to assure that the 
subcompartment design pressures are not exceeded.  To check the various industry computer 
codes used for the analyses, a standard problem was issued to the reactor vendors and 
architect/engineers (A/E) so that their models and calculational methods could be evaluated. 
This NUREG-04713 task involved the review and evaluation of the subcompartment standard 
problem analyses supplied by vendors and A/Es to determine the validity of their models. 
Changes in the computer codes utilized by the NRC staff could also result from this task. 
 
Conclusion 
 
This item is a Licensing Issue.  As a part of the improvements to NUREG-0933, the NRC staff 
clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ITEM B-13: MARVIKEN TEST DATA EVALUATION 

 
 
Description 
 
Test data from the Marviken containment tests were obtained for the purpose of validating 
containment pressure codes used for performing independent calculations related to licensing 
reviews. The Marviken data are containment pressure responses from a full-scale blowdown 
using a pressure suppression type containment. This NUREG-04713 task would correlate the 
Marviken data and compare the results with computer programs existed when the issue was 
identified.  
 
Conclusion 
 
This item is a Licensing Issue.  As a part of the improvements to NUREG-0933, the NRC staff 
clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ITEM B-20: STANDARD PROBLEM ANALYSIS 

 
 
Description 
 
Most vendors, in the conduct of internal audits of emergency core cooling performance 
computer codes, discovered errors in coding and/or logic which had significant effects on the 
prediction results of approved models. This NUREG-04713 task involved the use of standard 
problems to evaluate the predictive accuracy of these complex computer codes and to detect 
errors, to the extent that the errors affect the results of code predictions. 
 
Conclusion 
 
This item is a Licensing Issue.  As a part of the improvements to NUREG-0933, the NRC staff 
clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
 
References 
 
3. NUREG-0471, “Generic Task Problem Descriptions (Categories B, C, and D),” U.S. 

Nuclear Regulatory Commission, June 1978. 
 
1858. Management Directive 6.4, “Generic Issues Program,” U.S. Nuclear Regulatory 

Commission, November 17, 2009. 
 
1967. SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” July 26, 

2011. [ML111590814] 
 
 





Revision 1 

September 30, 2011 2.B.25-1 NUREG-0933 

 
ITEM B-25: PIPING BENCHMARK PROBLEMS 

 
 
Description 
 
Applicants are required to provide confirmation of the adequacy of computer programs used in 
the structural analysis and design of piping systems and components. At the time this issue was 
identified, this consisted of applicants providing, and the staff reviewing, brief descriptions of the 
computer programs used and solutions to simple textbook problems. In order to better provide 
assurance of the reliability of these programs, this NUREG-04713 task would consist of the staff 
developing benchmark problems and solutions to these problems for use in the review of 
applications for construction permits. The case-by-case review would then consist of requesting 
that the applicant submit solutions to the problems and comparing the applicant-supplied 
solutions to the staff solutions.  
 
Conclusion 
 
As reported in the main report of NUREG-0933 published in 1983, work on this Licensing Issue 
was being done by BNL.412  As a part of the improvements to NUREG-0933, the NRC staff 
clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ITEM B-27: IMPLEMENTATION AND USE OF SUBSECTION NF 

 
 
Description 
 
Since the adoption by the ASME Code, Section III, of Subsection NF on component supports, 
technical review has been limited to conformance of the information provided in the application 
and commitment by the applicants to component support design in accordance with the 
provisions in Subsection NF. 
 
Certain deficiencies in the use of Subsection NF, however, have been identified primarily by 
NRC Code Committee members on the Working Group on Component Supports and its Task 
Forces. Examples of these deficiencies are: 
 
(1) The absence of definitive criteria to be used in defining the jurisdictional boundary between a 
load carrying building structure designed by AISC rules which do not contain inservice 
inspection requirements and an attached NF component support having NF inservice inspection 
requirements. 
 
(2) As the design limits for Class 1 liner type component supports presently appear in the Code, 
the allowable stresses exceed those permitted for other Code-designed components. If these 
limits are approached repeatedly in the component support, the support could fail by fatigue. 
 
When this issue was added to NUREG-0933 in 1983, it was anticipated that some of the 
identified deficiencies would be addressed and corrected by revisions to the Code. This 
NUREG-04713 task would develop a BTP that would assess the remaining deficiencies for use 
by the staff in case reviews of component supports. 
 
Conclusion 
 
This item is a Licensing Issue.  As a part of the improvements to NUREG-0933, the NRC staff 
clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ITEM B-30: DESIGN BASIS FLOODS AND PROBABILITY 

 
 
Description 
 
This NUREG-04713 task involved the preparation of a paper detailing the bases for design basis 
flood events utilized by the staff in case reviews, including probable maximum floods, 
hurricanes, tsunamis, seiches, seismically-induced dam failures, and combinations of lesser 
events. Additionally, descriptions of probability estimates, including potential errors, would be 
prepared for the principal flood-producing events. This material was being prepared to respond 
to a request of the ACRS to provide them with a better understanding of the staff's approach to 
design basis floods. 
 
Conclusion 
 
This item is a Licensing Issue.  As a part of the improvements to NUREG-0933, the NRC staff 
clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ITEM B-35: CONFIRMATION OF APPENDIX I MODELS FOR 

CALCULATIONS OF RELEASES OF RADIOACTIVE MATERIALS IN 
GASEOUS AND LIQUID EFFLUENTS FROM LIGHT-WATER-COOLED 

POWER REACTORS 
 
Description 
 
This NUREG-04713 task involves evaluating information from semiannual operating reports, 
inplant measurements program and topical reports, and revisions to models for calculating 
releases of radioactive materials in effluents from PWRs and BWRs. This task is expected to 
improve the accuracy and realism of current staff models by using the best available data to 
develop model revisions. 
 
Conclusion 
 
As reported in the main report of NUREG-0933 published in 1983, all work on this Licensing Issue 
was completed except the source term measurement program.412  As a part of the improvements 
to NUREG-0933, the NRC staff clarified in SECY-11-0101, “Summary of Activities Related to 
Generic Issues Program,” dated July 26, 2011,1967 that the Generic Issues Program will not 
pursue any further actions toward resolution of licensing and regulatory impact issues. Because 
licensing and regulatory impact issues are not safety issues by the classification guidance in the 
legacy Generic Issues Program, these issues do not meet at least one of the Generic Issues 
Program screening criteria and do not warrant further processing in accordance with 
Management Directive 6.4, “Generic Issues Program,” dated November 17, 2009.1858 Therefore, 
this issue will not be pursued any further in the Generic Issues Program. 
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ITEM B-49: INSERVICE INSPECTION CRITERIA AND CORROSION 

PREVENTION CRITERIA FOR CONTAINMENTS 
 
 
Description 
 
GDC-53, "Provisions for Containment Testing and Inspection," requires in part that the reactor 
containment be designed to permit: (1) periodic inspection of all important areas, and (2) an 
appropriate surveillance program. 10 CFR 50, Appendix J, "Primary Reactor Containment 
Leakage Testing for Water-Cooled Power Reactors," requires a general inspection of the surfaces 
of the containment prior to any Type A test to uncover any evidence of structural deterioration. 
 
Containment designs typically utilize any one of the following structural materials: steel, steel-lined 
reinforced concrete, and steel-lined prestressed concrete. At the time this issue was added to 
NUREG-0933 in 1983, the only detailed criteria that were developed for ISI of containments 
related to tendon surveillance for prestressed concrete containments. These criteria were 
contained in Regulatory Guides 1.35481 and 1.90482 which addressed ungrouted and grouted 
tendons, respectively. These Regulatory Guides dealt primarily with the prestressing hardware; no 
detailed ISI criteria existed for the steel liner or other portions of the containment. Similarly, there 
were no criteria for ISI of steel containments or steel-lined reinforced concrete containments. In 
view of this, detailed and comprehensive criteria needed to be developed for performing ISI of all 
types of containments. 
 
In addition, the long-term corrosion problems of reinforcements and of the steel liner in contact 
with concrete in concrete containments, or the corrosion of the steel surface in contact with the 
water in BWR suppression chambers, had yet to be adequately analyzed. Long-term studies of 
these corrosion phenomena needed to be undertaken to develop criteria and requirements to 
prevent corrosion in all types of containments. This issue is documented in NUREG-0471.3 
 
Conclusion 
 
This item is a Licensing Issue.  As a part of the improvements to NUREG-0933, the NRC staff 
clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ITEM B-72: HEALTH EFFECTS AND LIFE-SHORTENING FROM 

URANIUM AND COAL FUEL CYCLES 
 
 
Description 
 
Practice in health impact assessments at the time of identification of this issue was to convert 
radiation exposure estimates into estimates of health effects, such as cancer deaths, illness, and 
life shortening. However, the models that were being used, such as those in WASH-1400, 
GESMO, NRC case-related testimony, and EPA assessments, all suffered from similar 
weaknesses. A major common weakness, which appeared amenable to solution, was related to 
the correct treatment of competing risks among populations with life expectancies, age, and sex 
distributions that vary with time. Since the staff was attempting to assess health effects in the 
future (e.g., year 2000 and beyond), it was reasonable to expect significant changes in current 
population statistics. To make such an assessment, a demographic model was required which 
extrapolated population into the future, correctly allowing for competing risks of mortality from 
various causes (e.g., accidents, heart disease, and cancer). Failure to do so results, for example, 
in hypothetical cancer deaths for people who would statistically die from other causes. In the 
absence of better predictive models, it was not possible to even evaluate the uncertainty 
associated with the use of the current simplified methods for estimating health effects and 
consequent life-shortening. Uncertainties in the use of current models were greatly magnified 
when attempting to make comparisons of health effects for the coal and nuclear fuel cycles. 
 
At the time this issue was added to NUREG-0933 in 1983, health effects models generally were 
used for estimating long-term impacts. Chronic exposure may be the primary determinant of the 
number of deaths for a given period for a given pollutant. However, in the case of nonradiological 
pollutants from the coal fuel cycle, short-term fluctuations leading to acute exposures may 
determine the time of death and consequent life shortening. Evaluations of the coal fuel cycle 
generally failed to account for short-term mortality, disease, and illness. In addition, short-term 
effects from chemical pollutants were generally dependent on the prior history of chronic 
(long-term) exposure. 
 
Models generally assumed linear dose-response relationships even when evidence existed for 
real or practical thresholds, or where experimental data supported a nonlinear dose response 
relationship. 
 
This NUREG-04713 task involved the development of models to address these problems so that 
health effects (morbidity and mortality) could be assessed for both the coal and uranium fuel 
cycles as completely as data permitted and on a comparable basis. 
 
Conclusion 
 
NRC staff stated in the main report of NUREG-0933 published in 1983 that the results of Item A-
20 would be used in this Licensing Issue.412  As a part of the improvements to NUREG-0933, the 
NRC staff clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues 
Program,” dated July 26, 2011,1967 that the Generic Issues Program will not pursue any further 
actions toward resolution of licensing and regulatory impact issues. Because licensing and 
regulatory impact issues are not safety issues by the classification guidance in the legacy 
Generic Issues Program, these issues do not meet at least one of the Generic Issues Program 
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screening criteria and do not warrant further processing in accordance with Management 
Directive 6.4, “Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will 
not be pursued any further in the Generic Issues Program. 
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ITEM C-14: STORM SURGE MODEL FOR COASTAL SITES 

 
Description 
 
Licensees are required to estimate the design-basis flood levels for each nuclear power plant 
site consistent with the requirements in General Design Criterion 2, “Design Bases for 
Protection against Natural Phenomena,” of Appendix A, “General Design Criteria for Nuclear 
Power Plants,” to 10 CFR Part 50, “Domestic Licensing of Production and Utilization Facilities,” 
and 10 CFR 100.20(c). For coastal and estuarine sites, the design-basis flood could be caused 
by a storm surge that results from the wind and pressure fields of an intense storm. The primary 
tool used for estimating storm surge at the time when this generic safety issue was identified 
was the “bathystrophic” model developed by the U.S. Army Corps of Engineers (USACE), 
Coastal Engineering Research Center. This model, called SURGE, is based on the 
bathystrophic approximation, relating sea surface slope to wind stress, bottom stress, and 
pressure gradient, with a correction for Coriolis force on along-shore currents. The SURGE 
model served its intended purposes well at that time but is now considered obsolete. 
 
The advent of more powerful computing power allows relative quick solutions to numerical the 
multidimensional hydrodynamic equations which can account for most conceivable physical 
wave effects that were not included in the SURGE model. In addition, the modern 
multidimensional hydrodynamic models can account for irregular shorelines and true long-wave 
hydrodynamics that are not accounted for by the bathystrophic model.  
 
This task under NUREG-0471, “Generic Task Problem Descriptions (Categories B, C, and D), 
issued June 1978,3 called for the development of a replacement for the bathystrophic model so 
that the staff’s evaluation of storm surge will reflect state-of-the-art techniques. Because the 
storm surge modeling is applied at the early site permit or combined license stages, only future 
license applications for nuclear power plants located at coastal or estuarine sites will be 
impacted by the issue. 
 
Conclusion  
 
This generic safety issue involved the development or application of a multidimensional model 
that uses state-of-the-art mathematical techniques in estimating hurricane storm surge. The 
U.S. Nuclear Regulatory Commission staff anticipated that a new multidimensional 
hydrodynamic model would eliminate the need for initial estimates (required by the 
bathystrophic model) and would reduce the total required analysis time. Thus, this item is 
related to increasing knowledge that would increase confidence in the safety assessment; 
therefore, it is considered to be a licensing issue. 
 
The staff completed a review of this issue in 1988 and concluded that the bathystrophic model 
(SURGE) existing at the time was adequate for calculating design-basis water levels at 
proposed nuclear plant sites. The use of SURGE was specified in NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition” 
(the SRP),11 Section 2.4.5, Revision 2. However, as stated in the SRP, the use of other verified 
models was not precluded. Thus, the staff concluded that this licensing issue did not require any 
changes and recommended dropping the issue from further consideration. 
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Because of subsequent advances in technology, the staff reexamined the issue in 2010. The 
staff determined that the primary tools used for estimating storm surge could be the ADCIRC 
(Advanced Circulation) storm surge model as developed by USACE, the Sea, Lake, and 
Overland Surges from Hurricanes (SLOSH) model developed by the National Oceanic and 
Atmospheric Administration (NOAA), or other compatible hydrodynamic models that could 
simulate both storm surge wind setup and wave runup accurately. These models are based on 
the hydrodynamic processes of offshore and overland surge wave propagation, relating sea 
surface slope to wind stress, bottom stress, and pressure gradient, with a correction for Coriolis 
force on along-shore currents. Powerful computers are capable of producing accurate solutions 
to multidimensional hydrodynamic equations, which account for many meteorological and 
hydrodynamic effects of storm surges. True long-wave dynamics are also simulated by 
multidimensional dynamic mathematical models. 
 
The staff believes that existing hydrodynamic models (e.g., ADCIRC, SLOSH) are adequate for 
calculating design-basis flood levels at proposed nuclear plant sites. The ADCIRC model has 
been widely used by the Federal Emergency Management Agency in performing storm surge 
frequency analyses and by USACE for the design of storm damage reduction projects, while the 
SLOSH model has been extensively used by the NOAA in predicting storm surge levels for 
hurricane emergency preparations. SRP Section 2.4.5 and Regulatory Guide 1.206, “Combined 
License Applications for Nuclear Power Plants (LWR Edition),” 1981 provide specific guidance in 
reviewing the applicant’s storm surge flood estimates required for new reactor licensing. 
Therefore, the staff has determined that this conclusion is consistent with the state of the current 
regulatory framework and technology and does not change the status of this issue. 
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ISSUE 59: TECHNICAL SPECIFICATION REQUIREMENTS FOR PLANT 

SHUTDOWN WHEN EQUIPMENT FOR SAFE SHUTDOWN IS 
DEGRADED OR INOPERABLE 

 
 
Description 
 
Historical Background 
 
As a result of the loss of high head injection capability at McGuire Unit 1 on February 12, 1982, 
this issue was raised by Region II because plant TS require (somewhat rapid) plant shutdown if 
certain safety equipment is inoperable.553 The main concern is that the TS requirements may not 
adequately consider the potential for placing the plant in a "less safe" condition by requiring shut-
down of an otherwise normally functioning unit or by requiring a plant to proceed to cold shutdown 
when "hot shutdown" may be the more desirable condition.767 
 
Safety Significance 
 
Plant TS LCOs are typically written to require proceeding to various stages of shutdown if certain 
systems are inoperable. If some systems are inoperable and a plant is required by the TS to go to 
some stage of shutdown, this action may increase the probability of needing the inoperable 
systems as a line of defense. In some cases, the shutdown process itself may require operation of 
the inoperable equipment.  
 
Possible Solution 
 
A resolution could require TS modifications to acknowledge when continued power operation or 
other mode of operation is preferable. Because of the wide range of possible system failures, 
operating conditions, and plant configurations, a systematic quantification of all the alternatives 
could be a fairly large task and would probably result in a number of decisions based on very 
close calls.  
 
Priority Determination  
 
Assumptions 
 
In order to provide some indication of what a quantitative analysis may involve, an assessment of 
this issue was done by PNL.64 A number of assumptions were made in this analysis in an attempt 
to quantify a potential core-melt frequency reduction for a case in which a plant was left operating, 
as opposed to rapidly shutting it down, given some safety equipment is inoperable.  
 
The ORNL Precursor Study (NUREG/CR-2497)76 was used along with data from an EPRI ATWS 
study (NP-2230)307 to calculate a base case and and adjusted-case core-melt frequency for this 
issue. The techniques and data presented in NUREG/CR-249776 were modified to allow a 
comparison of the risk of core damage with a safety system inoperable for continued reactor 
operation versus immediate shutdown. To accomplish this, specific systems were chosen for 
failure and appropriate event trees developed. Data on system failure were then adapted to fit the 
need for: (1) failure frequency, (2) failure on demand, or (3) failure over a specified time interval. 
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For this analysis, a BWR was chosen and it was assumed that the HPCI and RCIC are redundant 
safety systems. Failure of both the RCIC and HPCI was then postulated.  
 
To examine this issue, generic event trees were developed based on the flow logic developed in 
the Precursor Study76 for BWR transients. The first event tree64 depicted a failure of safety 
systems followed by a shutdown by the operator. The transient which could then follow was 
shown as "loss of feedwater given shutdown," chosen here as representative of transients which 
would challenge the ECCS. The second event tree depicted the case where operation continues. 
Another initiating event is then required, taken here as loss of feedwater given an ECCS 
subsystem failure. The following data were taken from NUREG/CR-2497:76 

 

 
Event Description Occurrences Plant- 

Years 
(RY) 

Demands Failure 
Frequency(RY)-1 

Failure 
Probability on 
Demand 

Loss of Feedwater 39 66 - 0.58 - 

Reactor Subcritical - - - - 1.3 x 10-6 

RCIC/HPCI 
Failure 

4.9 99 - 0.049 0.0039 

Long-Term Core 
Cooling Failure 

- - - - 1.1 x 10-4 

 
 
The analysis results hinge on the probability of inducing a feedwater transient on shutdown vs. a 
feedwater transient occurring at power during the time the systems remain inoperable. Data for 
these values are lacking at this time so values are estimated based on the ATWS report.307 For 
BWR Transient Category 26 (decreasing feedwater flow during startup or shutdown), the 
frequency reported is 0.07/RY. It is assumed here that the plant is shutdown about 12 times per 
year resulting in a probability of about 0.01 for a feedwater transient on shutdown.  It is further 
assumed that 50% of these transients are decreases in feedwater during shutdown with 50% of 
these resulting in complete loss of function. The probability (p1) of loss of feedwater on scram is 
therefore assumed to be (0.01)(0.5)(0.5) = 0.0025. 
 
To estimate the probability of feedwater failure during an ECCS subsystem outage, a one-day 
failure duration is assumed with the plant remaining at power for that 1 day. The probability (p2) of 
independent loss of feedwater over the one-day ECCS subsystem outage is approximated by p2 = 
λt = 0.0016, where λ = 0.58/RY and t  = (1 day)/(365 day/RY) = 0.0027 RY. 
 
These data were entered in the event trees by PNL,64 Sequences 5, 6, 7, and 8 were summed 
and then Sequences 12, 13, 14, and 15 were summed. The core-melt frequency was calculated 
to be 3.5 x 10-6/RY for the base case, i.e., the rapid shutdown of the plant.  The core-melt 
frequency was calculated to be 2.2 x 10-6 /RY for the adjusted case, i.e., where the plant 
continued to operate.  
 
The event trees developed for the Precursor Study76 give a measure of core damage only. To 
equate this with the core-melt frequency used in other risk studies, the above core-damage 
frequencies were divided by a factor of 30 for the reasons given below. 
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An analysis of the ORNL Precursor Study by INPO claims that the chances of a severe nuclear 
accident were estimated 30 times too high.64 Furthermore, severe core damage (assumed to be 
analogous to that at TMI-2 in the Precursor Study) is presumably less severe than core-melt, the 
level of core damage normally considered in nuclear power plant risk studies. Based on these 
considerations, it is assumed that the frequency of core damage as assessed using the Precursor 
Study should be divided by INPO's factor of 30 to result in the frequency of core-melt. 
 
Thus, the base case and adjusted case core-melt frequencies become 1.2 x 10-7/RY and 7 x 10-

8/RY, respectively and the core-melt frequency reduction is 5 x 10-8 /RY. An average LWR dose 
factor of 3.3 x 10* man-rem was calculated from NUREG/CR-2800,64 (Appendices A-D). Based on 
this factor, the potential risk reduction would be (5 x 10-8/RY)(3.3 x 106 man-rem) or 0.17 man 
rem/RY.  
 
The result shows a slight decrease in risk. However, the calculation is heavily dependent on the 
assumed value for the probability of loss of feedwater on shutdown vs. the probability of loss of 
feedwater over a 1 day ECCS outage. This dependency can be seen by doing the same type of 
calculation but assuming a 1.5 day outage time. Then, for the adjusted case, P = λt = 0.0024 and 
evaluating events 12, 13, 14, and 15 yields an adjusted case frequency of about 3.2 x 10-6 /RY. 
This would then show an even smaller risk reduction when compared to the base case result of 
3.5 x 10-6/RY. (Again, these would be reduced by a factor of 30). Similarly, if 2 days were 
assumed, P = λt = 0.32 and the core-melt frequency would be about 4.3 x 10-6/RY which would 
show a slight increase in risk for staying at power. These calculations show the sensitivity of the 
results to the assumptions and the data.  
 
Cost Estimate 
 
Industry Cost: The direct cost would be $4,000/plant for a Class III amendment to an operating 
license. Other costs for implementation could be significant for analysis of various plant situations 
to identify the preferred mode and, therefore, justify the change.  
 
Based on 71 operating plants, the industry cost was assumed to be (71 plants) ($4,000/plant) or 
$0.28M and 1 man-year/plant for supporting analysis or ($100,000/plant)(71 plants) = $7.1M. 
Since most changes would involve a justification for continued power operation, a potential large 
cost saving could be involved. For calculation purposes, it could be assumed that over the life of a 
typical plant, at least 1 day of shutdown may be saved. At $300,000/ day, the industry cost saving 
for 134 plants is $40M.  
 
NRC Cost: NRC cost for issue development was based on the assumption that considerable 
analysis (and review of licensee submittals) would be needed to quantify safety benefits 
associated with TS modifications. This was assumed to be about 3.5 man-years or $3.5M.  
 
Other Considerations 
 
1. Since this issue was originally raised, the NRC has published a rule which allows relief 

from TS requirements in an emergency situation. This rule leaves the decision to the 
licensees of determining: (1) what constitutes an emergency, and (2) what is the most 
prudent action to take. During the comment period on the rule, it was requested that 
comments be provided regarding whether or not the rule should have more specific 
guidance. It was concluded, based on comments received, that it was not feasible to 
provide detailed guidance as to when deviations are permissible. It was felt that this would 
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defeat the purpose of the rule which is to provide flexibility in situations that cannot always 
be anticipated.  

 
2. More recently, the general issue of whether TS are properly focused or are unduly 

burdensome has been raised.  In response to this problem, a Technical Specification 
Improvement Project has been established.768 This project will consider the safety 
relevance and burden of the TS as a whole and of specific sections. This issue is one 
example of a possible modification to improve the TS.  

 
3. The above analysis was done based on assuming a situation in which a plant is at power 

and the question is whether to require the plant to proceed to shutdown. It was pointed out 
that a clearer case could be made for situations of the plant being in hot shutdown and 
requiring proceeding to cold shutdown. Regardless, both situations could lead to 
potentially large cost savings for the industry and it may be to a licensee's advantage to try 
to anticipate the possibility of these situations and submit modified TS to avoid crisis-type 
decisions (i.e., emergency TS relief) when the emergency arises or to avoid second-
guessing after the emergency passes if, for example, the rule is used.  

 
4. The McGuire event (which is part of the basis for raising this issue) could have been a 

case for application of the rule. The question would have been if, as postulated, the 
situation would have continued (i.e., no charging/SI pumps), would it have been preferable 
for the licensee to deviate from the TS and keep the plant on line and, if so, how long 
should power operation be continued? 

 
5. The situations of concern are typically beyond the design bases of the plant and, 

therefore, should occur rather infrequently.  
 
6. For cases like McGuire where shutdown would require the inoperable equipment, it 

appears that a TS change may not solve the problem because, no matter what length of 
time is chosen for continued operation, there is some probability that the equipment would 
not be restored in the allowed time and shutdown would be necessary anyway (either due 
to the TS or a transient). For such cases, it is probably best to let the licensee use the rule 
based on a consideration of the specific plant circumstances at that time. It should be 
pointed out that the AFW system TS 3.7.1.2 (which was suggested as a solution553) was 
written prior to the Rule767 and would probably not be included in the TS if the rule had 
been in effect at that time.  

 
Conclusion 
 
Although we did not calculate a specific value/impact score for this issue, the calculation of 
potential man-rem reduction for the assumed scenario gave an indication of the uncertain nature 
of this type of analysis. After consideration of the new rule, we concluded that to a large extent the 
safety implications of this issue have been addressed. The rule gave the licensees the flexibility to 
consider their individual plant circumstances and make a decision to deviate from the TS if they 
decide it is necessary. However, as has been pointed out, there may be specific cases where 
changes should be considered.767 Because the risk was so hard to quantify, we originally 
assumed a small change in public risk, acknowledged the potential cost saving, and concluded it 
should be a Regulatory Impact issue to be addressed by the Technical Specification Improvement 
Project.768 
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As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ISSUE 67: STEAM GENERATOR STAFF ACTIONS 

 
 
Description 
 
Following the SGTR event at Ginna on January 25, 1982, increased staff effort was placed on 
developing means to mitigate and reduce steam generator tube degradations and ruptures. To 
meet these objectives, two steps were taken. The first step was to develop staff requirements to 
be implemented by licensees; these were evaluated in Issue 66. The second step was to develop 
recommendations for staff action; these were evaluated below. 
 
The status of these actions as determined in this evaluation is listed in Table 3.67-1. For reference 
proposes, the sub-item numbers are consistent with the staff action numbers provided by 
DL/NRR.752 These items are also included in the CRGR review package753 and EDO 
recommendations to the Commission.753,757,758 The following is a summary of the evaluation of the 
16 parts of this issue.  
 
(a) Three of the proposed staff actions were classified as Licensing Issues:  
 
  5.1 Reassessment of Radiological Consequences 
  5.2 Reevaluation of SGTR Design Basis 
 10.0 Supplemental Tube Inspections 
 
(b) Two of the proposed staff actions were classified as Regulatory Impact issues that could 

provide cost benefits to the NRC and industry: 
 
 2.1 Integrity of Steam Generator Tube Sleeves 
 8.0 Denting Criteria 
 
(c) Nine of the proposed staff actions were considered part of existing staff activities and 

needed no new staff efforts to be initiated: 
 
 3.1 Steam Generator Overfill 
 3.2 Pressurized Thermal Shock 
 3.3 Improved Accident Monitoring 
 3.4 Reactor Vessel Inventory Measurement 
 4.1 RCP Trip 
 4.2 Control Room Design Review 
 4.3 Emergency Operating Procedures 
 6.0 Organizational Responses 
 9.0 Reactor Coolant System Pressure Control 
 
(d) The improved Eddy Current Tests (Item 67.7.0) recommendation was integrated into the 

resolution of Issue 135. The remaining proposed staff action (Item 67.5.3) was placed in 
the drop category. 

 
The basis for each of the 16 recommended staff actions is provided in separate evaluations 
below. 
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  TABLE 3.67-1 
 
Sub-Item Staff Action Priority MPA No.
67.2.1 Integrity of Steam Generator Tube Sleeves 135 NA

67.3.1 Steam Generator Overfill A-47,  
I.C.1 

NA

67.3.2 Pressurized Thermal Shock A-49 NA

67.3.3 Improved Accident Monitoring NOTE 3(a) A-17

67.3.4 Reactor Vessel Inventory Measurement II.F.2 F-26

67.4.1 RCP Trip II.K.3(5) G-01

67.4.2 Control Room Design Review I.D.1 F-08

67.4.3 Emergency Operating Procedures I.C.1  F-05

67.5.1 Reassessment of Radiological Consequences LI(NOTE 3) NA

67.5.2 Reevaluation of SGTR Design Basis LI(67.5.1) NA

67.5.3 Secondary System Isolation DROP NA

67.6.0 Organizational Responses III.A.3 NA

67.7.0 Improved Eddy Current Tests 135 NA

67.8.0 Denting Criteria 135 NA

67.9.0 Reactor Coolant System Pressure Control A-45,  
I.C.1(2,3) 

F-04, 
F-05

67.10.0 Supplemental Tube Inspections LI(NOTE 5) NA
 
 
 
 
ITEM 67.2.1: INTEGRITY OF STEAM GENERATOR TUBE SLEEVES 
 
Description 
 
Historical Background 
 
This item was Recommendation 2.1 of the DL/NRR memorandum752 and called for the staff to 
develop an SRP11 Section to clarify staff positions on the materials design, fabrication, installation, 
examination, and inspection of steam generator tube sleeves. 
 
Safety Significance 
 
At the time this issue was raised, there was no specific SRP11 Section to guide the staff/industry in 
reviews related to the design, installation, and inspection of tube sleeves. Development of an 
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SRP11 would provide an acceptable means to meet GDC 14 and GDC 32 of 10 CFR 50, 
Appendix A. 
 
Priority Determination 
 
Consequence Estimate 
 
The public risk reduction attributable to this recommendation was not quantifiable. It was believed 
that some small improvement in the effectiveness of sleeves to perform their intended function 
(i.e., assure retention of structural integrity of degraded tubes) could result from improved 
guidance. 
 
Cost Estimate 
 
Three man-months of NRC staff time ($25,000) were estimated for the development of the SRP.11 
It was estimated that 25% of the operating and planned PWRs (22 plants) would require tube 
sleeve modifications. The SRP11 could reduce plant-specific reviews from 2 man-months to 1 
man-month and was expected to also reduce industry manpower requirements by approximately 
the same amount. Therefore, the SRP11 would result in cost savings of $158,000 and $183,000 to 
the NRC and industry, respectively, for a combined saving of $341,000. 
 
Conclusion 
 
A small public risk reduction was achievable from development of an SRP11 on steam generator 
tube sleeves. However, the SRP would be cost-effective in that it would reduce NRC review cost 
and industry costs associated with the design, installation, and inspection requirements for tube 
sleeves. The earlier the SRP11 was developed, the greater the cost saving. This issue was 
addressed in the resolution of Issue 135.1075 
 
 
 
ITEM 67.3.1: STEAM GENERATOR OVERFILL 
 
Description 
 
Historical Background 
 
This item was Recommendation 3.1 of the DL/NRR memorandum752 and called for the NRC to 
select a small number of PWRs representing the PWR spectrum of designs and determine the 
potential for, and consequences of, steam generator overfill as a result of an SGTR. This 
recommendation was closely related to Items 67.5.1, 67.5.2, and 67.9. Based on the results of 
these studies, further NRC or licensee actions were to be determined. Potential steam generator 
overfill resulting from control system failures were not considered in this recommendation. Steam 
generator overfill via control systems failures were evaluated in the resolution of Issue A-47; 
Issues 37 and 56 were also related issues. 
 
Safety Significance 
 
Following an SGTR, the affected steam generator could fill up to the steam line safety valve due 
to primary-to-secondary leakage from continued operation of the safety injection pumps. The 
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safety valve could lift at successively lower pressures and fail to fully reseat. The failure to 
completely reseat could contribute to steam generator overfill by lowering the damaged steam 
generator pressure, thus raising the differential pressure across the broken tube and sustaining 
the leakage despite reduced primary system pressure. Failure of the valve to reseat would also 
provide a direct pathway for release of radioactive primary water to the environment. This 
sequence of events is beyond the design basis for SGTR events in SRP11 Section 15.6.3 to 
establish that the radiological consequences meet 10 CFR 100. 
 
For the B&W OTSG design in particular, it may not be possible to stop the primary-to-secondary 
leakage in an SGTR while maintaining the RCS in a subcooled state. The increased tendency for 
the OTSG leakage to continue throughout the event is a result of the tubes being directly exposed 
to the OTSG steam space. Generally, the emergency procedures instruct the operator to 
discharge steam to the atmosphere or, if available, to the condenser to control level in the 
damaged steam generator, as necessary. However, in at least one B&W plant, if the water supply 
for safety injection pumps is approaching a minimum level or if the offsite radiological conse-
quences are becoming excessive, the OTSG is allowed to completely fill, thus terminating the 
leakage. The number of B&W plants that permit filling of the OTSG was not known. The staff did 
not believe that the potential for prolonged leakage and the associated offsite radiological 
consequences had been factored into OR or NTOL FSAR SGTR accident analyses. (See 
Item 67.5.2). 
 
Possible Solutions 
 
Solutions could involve improved RCS pressure control to reduce the differential pressure and 
leakage across the broken steam generator tube (primary to secondary), and/or improved EOPs 
to preclude overfill. The above measures were discussed in response to staff recommendations 
concerning RCS pressure control and EOPs. (See Items 67.9.1 and 67.4.3). With regard to the 
concern that the steam lines cannot support the dead-weight load if the lines are filled with water, 
additional supports or stronger steam lines could resolve this aspect of the concern. 
 
Priority Determination 
 
Cost Estimate 
 
The NRC cost would be dependent on the number of PWRs selected for this study and the design 
variations within this selected group. 
 
Other Considerations 
 
Following the Ginna event, concerns were raised relative to the potential for failing the steam lines 
under the additional dead-weight load if they are filled with water as a result of steam generator 
overfill. (The Point Beach SGTR, which was a relatively low leak rate, resulted in a near overfill 
condition.)755 Should the steam lines fail, the SGTR could become a LOCA outside containment. 
However, analyses753 conducted for 4 plants indicated that the steam lines were unlikely to fail 
under the additional dead-weight load. Accordingly, the staff's risk analyses753 assumed a 
conditional probability of steam line break, given a steam generator overfill, of 10-3 which was 
believed to be reasonably conservative. If the steam lines were re-designed to withstand an 
overfill condition, the analysis753 would indicate a reduction in core-melt frequency of 1.2 x 10-

7/RY. 
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The consequence resulting from failure of the steam lines by overfilling the steam generators was 
assumed to involve releases typical of a PWR Category 4 release.  Exposure was calculated 
assuming a typical mid-West meteorology and a population density of 340 persons/square-mile 
within a 50-mile radius of the plant.  The potential public risk reduction was therefore [(1.2 x 10-

7)(2.7 x 106)] man-rem/RY or 0.32 man-rem/RY. Considering an average remaining plant life of 24 
years, the public risk reduction was about 8 man-rem/reactor. 
 
Conclusion 
 
This item encompassed several considerations related to steam generator overfills and was 
closely related to staff studies identified in Items 67.5.1, 67.5.2, and 67.9.  The primary concern 
(mitigation of a steam generator overfill) was part of the following existing staff programs: (1) Issue 
A-47; and (2) NUREG-0737,98 Item I.C.1 (See Item 67.4.3). Therefore, the steam generator 
overfill issue was covered by the above programs. Rupture of steam lines as a result of a steam 
generator overfill is a secondary concern predicated on the condition that an overfill occurs. The 
public risk associated with rupture of steam lines is low and strengthening of the steam lines was 
considered a LOW priority.  
 
 
 
ITEM 67.3.2: PRESSURIZED THERMAL SHOCK 
 
Description 
 
Historical Background 
 
This item was Recommendation 3.2 of the DL/NRR memorandum752 and called for the staff to 
address the effects of RCS flow stagnation associated with isolation of a steam generator in the 
Pressurized Thermal Shock program (Issue A-49). 
 
Safety Significance 
 
During the Ginna SGTR event, the affected steam generator was isolated and the RCPs were 
tripped. As a result, the flow in the `B' Reactor Coolant Loop was reduced to a few hundred gpm 
while cold high pressure injection water was being injected into the loop. The cold leg piping 
apparently experienced a cool-down of approximately 260EF in 30 minutes. The reactor vessel 
apparently did not experience this rapid cool-down since the flow in the cold leg was in the 
reverse direction, i.e., from the reactor vessel towards the steam generator. Other events, as 
discussed in NUREG-0916,754 resulting in a steam generator isolation and continued safety 
injection could result in adding cold water to the reactor vessel. 
 
Conclusion 
 
The probability, consequences, and resolution of the above events were addressed in Issue A-49. 
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ITEM 67.3.3: IMPROVED ACCIDENT MONITORING 
 
Description 
 
Historical Background 
 
This item was Recommendation 3.3 of the DL/NRR memorandum752 and called for the staff to 
address the accident monitoring weaknesses of the type observed at Ginna by implementation of 
Regulatory Guide 1.9755 and the SPDS. 
 
 
Safety Significance 
 
During the event at Ginna, several weaknesses in accident monitoring were apparent. These 
included: (1) non-redundant monitoring of RCS pressure; (2) failure of the position indication for 
the steam generator relief and safety valves; and (3) the limited range of the charging pump flow 
indicator for monitoring charging flow during accidents. These conditions make it more difficult for 
correct operator action in response to such events. 
 
Possible Solution 
 
Had Regulatory Guide 1.9755 been implemented at Ginna before the January 1982 event, the 
monitoring of the event would have been substantially improved and there would have been more 
assurance of correct operator actions. Improved accident monitoring would also have improved 
the NRC's ability to assess the plant status and the appropriateness of the licensee's actions and 
recommendations. 
 
Conclusion 
 
This issue was covered in Supplement 1 to NUREG-073798 (Generic letter No. 82-33)376 and was 
RESOLVED and implemented as MPA A-17. 
 
 
ITEM 67.3.4: REACTOR VESSEL INVENTORY MEASUREMENT 
 
Description 
 
Historical Background 
 
This item was Recommendation 3.4 of the DL/NRR memorandum752 and called for 
implementation of TMI Action Plan Item II.F.2 because it would have substantially improved the 
Ginna situation by ensuring that steam bubble formation in the reactor vessel upper head could be 
more accurately monitored. 
 
Safety Significance 
 
During the Ginna SGTR event, the formation of a steam bubble in the reactor vessel upper head 
significantly complicated the course of the event. The uncertainty about the bubble size was a 
significant factor in the operator's decisions to continue safety injection beyond the point when 
termination was called for in the emergency procedures. 
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Possible Solution 
 
Implementation of NUREG-0737,98 Item II.F.2.  
 
Conclusion 
 
Following Commission approval for implementation of Item II.F.2, letters to individual licensees 
and orders to B&W licensees and ANO-2 were issued on December 10, 1982.491 Thus, this issue 
was covered in Item II.F.2 which was resolved and implemented as MPA F-26.  
 
 
ITEM 67.4.1: REACTOR COOLANT PUMP TRIP 
 
Description 
 
Historical Background 
 
This item was Recommendation 4.1 of the DL/NRR memorandum752 and called for the NRC to 
develop requirements for licensees to provide RCP trip criteria that would ensure continued forced 
RCS flow during steam generator tube breaks, up to and including the design basis tube rupture. 
 
Safety Significance 
 
Analyses indicated that continued operation of the RCPs following a range of small LOCAs could 
lead to excessive inventory loss for which the high pressure injection system would be unable to 
compensate. Generally, the range of break size of concern was from 0.02 to 0.2 ft2 (2 to 5 inches 
equivalent diameter). The interim position (documented in NUREG-0623)97 required manual-
tripping of the RCPs on the symptoms of a small LOCA (i.e., a safety injection signal and low RCS 
pressure). 
 
Conclusion 
 
This issue was covered in NUREG-0737,98 Item II.K.3(5), which was resolved and implemented 
as MPA G-01. 
 
 
 
ITEM 67.4.2: CONTROL ROOM DESIGN REVIEW 
 
Description 
 
This item was Recommendation 4.2 of the DL/NRR memorandum.752 As a result of a review of the 
Ginna control room following the tube rupture, several items related to the event were identified 
that were contrary to good human factors engineering principles. It was recommended that these 
items be reviewed by HFEB/NRR as part of the detailed control room design review required by 
NUREG-073798 and the information used as the basis for a study to determine what changes 
could be made to improve control room designs. 
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Conclusion 
 
This issue was covered in NUREG-0737,98 Item I.D.1, which was resolved and implemented as 
MPA F-08. 
 
 
 
ITEM 67.4.3: EMERGENCY OPERATING PROCEDURES 
 
Description 
 
Historical Background 
 
This item was Recommendation 4.3 of the DL/NRR memorandum,752 the purpose of which was to 
ensure that newly-developed EOPs consider the experiences from the Ginna SGTR event. 
PSRB/NRR was expected to review the items listed below prior to emergency procedure 
implementation for inclusion in its review plan. This staff effort was to be considered in conjunction 
with existing work on NUREG-0737,98 Item I.C.1. 
 
- RCP Restart 
- Availability of Faulted Steam Generator Safety and Relief Valve 
- Multiple and Second Order Failures 
- Bubble Formation 
- Cooling Faulted Steam Generator 
- Cooling Intact Steam Generator 
- Safety Injection Pump Termination and Restart Criteria 
- Procedure Format and Clutter 
- Criteria for Natural Circulation Determination 
- Accommodation of Plant Differences from Reference Plant in Emergency Procedure 

Development 
- Rapid Determination and Isolation of Faulted Steam Generator and Timely 

Depressurization of RCS to Minimize RCS Inventory Loss and Releases 
- MSIV Closure During Plant Cooldown 
- Use of Charging and Letdown Systems 
- Operation of the RCP in the Damaged Loop 
- Operation of Loop Isolation Valves 
- Use of Pressurizer PORV 
- Potential Complicating Events 
- Site-Specific Operator Training 
- Steam Generator Level Control for CE Plants 
 
Safety Significance 
 
The above list included transients and plant conditions that form the basis of many of the 
emergency procedures, reliability analyses, human factors engineering, crisis management, and 
operator training. Plant conditions may exist, in addition to those pertinent to design bases, which 
could prevent proper operator actions during such events/conditions and possibly pose a serious 
threat to reactor safety. 
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Possible Solution 
 
The solution to this recommendation was to consider the Ginna event in the development of 
EOPs.  
 
Priority Determination 
 
Guidance for the evaluation and development of procedures for transients and accidents was 
covered by Item I.C.1 of NUREG-0737.98 Some of the items in the above list were explicitly 
included in the review requirements of Item I.C.1. Other items in the list are believed to be 
implicitly within the intent of Item I.C.1 in that the availability of systems under expected conditions 
(like Ginna) should be used in developing diagnostic guidance for operator and procedural 
development. 
 
Conclusion 
 
This issue was covered in NUREG-0737,98 Item I.C.1, which was resolved and implemented as 
MPA F-05. 
 
 
ITEM 67.5.1: REASSESSMENT OF RADIOLOGICAL CONSEQUENCES 
 
Description 
 
Historical Background 
 
This item was Recommendation 5.1 of the DL/NRR memorandum752 and called for the staff to 
reassess SGTR events at W and CE plants only to determine the effects of releases made for 
periods substantially longer and via other release points than those previously analyzed. These 
analyses should specifically address the applicability of the assumptions in SRP11 Section 15.6.3 
and address the costs and benefits of requiring revised analyses by licensees. This issue was 
closely related to Items 67.5.2 and 67.3.1. 
 
Safety Significance 
 
Public risk from an SGTR, even considering steam generator overfill, was considered low for a 
typical PWR. This low risk was expected to remain valid even if new source term results were 
applied. However, the safety significance of this issue was derived from concern over the number 
of SGTR events and potential for exceeding the bounds of the analyses that are currently required 
in SRP11 Section 15.6.3 to demonstrate that doses from SGTR events will not exceed 10 CFR 
100. 
 
Priority Determination 
 
SRP11 Section 15.6.3 does not address a steam generator overfill in the SGTR scenario. In 
addition, termination of the leak from an SGTR within 30 minutes, as assumed in typical PWR 
FSARs, may be non-conservative and not consistent with operating experience. Therefore, 
implementation of this recommendation would allow the staff to upgrade SRP11 Section 15.6.3 
and provide a better understanding and means to assess future SGTR events in operating plants 
relative to the consequence limits in 10 CFR 100. 
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Information generated from implementation of this recommendation would also assist licensees in 
their understanding of similar events and help determine the course of action needed to mitigate 
the consequences of SGTRs and overfilling of the steam generators. 
 
Conclusion 
 
Resolution of this issue was not expected to result in significant public risk reduction and, 
therefore, it was considered a low priority. However, AEB/NRR considered it a Licensing Issue 
and recommended the reassessment. DST/NRR agreed that a "best estimate" analysis modeled 
after plant experience like Ginna could be beneficial in more realistically determining the risk and 
conservatisms inherent in the existing SRP11 requirements. The issue was finally resolved1554 with 
recommended changes to SRP11 Section 15.6.3. 
 
 
 
ITEM 67.5.2: REEVALUATION OF SGTR DESIGN BASIS 
 
Description 
 
Historical Background 
 
This item was Recommendation 5.2 of the DL/NRR memorandum752 and called for the NRC to 
reevaluate and consider reclassifying or redefining the design basis SGTR event. This issue was 
closely related to Issues 67.3.1 and 67.5.1.  
 
An SGTR accident is one of the events for which the NRC requires a safety analysis to show that 
a reactor will respond in an acceptable manner and that the health and safety of the public are 
adequately protected. The SGTR accident is the loss of integrity (development of a leak) in a 
steam generator tube (or tubes) so that reactor coolant water from the primary system flows into 
the secondary water in the steam generator. This provides a potential path for the release of 
radioactivity to the environment. 
 
As analyzed in SARs, the event is a break of a single steam generator tube with flow out of the 
full-flow area of both ends of the steam generator tube at the break. The reactor is assumed to be 
at full power at the time of the accident. 
 
The SGTR accident serves as the design basis for allowable reactor coolant activity since the 
amount of radioactivity released to the environment is directly proportional to the amount of 
activity in the coolant. The analysis of this event in SARs is intended to bound the potential 
release of radioactivity, should an SGTR occur. The behavior of reactor systems during this event 
has not traditionally received much emphasis, either in the analyses reported by the licensees or 
during review by the NRC. 
 
Safety Significance 
 
The safety significance of this recommendation was derived from the concern over the number of 
SGTR events and the potential for exceeding the bounds of the analyses that were required in 
SRP11 Section 15.6.3 to demonstrate that doses from SGTR events will not exceed 10 CFR 100. 
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Priority Determination 
 
The analysis of an SGTR is performed to bound potential offsite doses using many conservative 
assumptions (i.e., accident terminated within 30 minutes) to maximize the predicted doses 
(SRP11 Section 15.6.3).  The probability of the simultaneous occurrence of the SRP11 conditions is 
extremely low. SGTR events have occurred at a frequency of approximately 2 x 10-2/RY. 
Therefore, this event could be classified as an incident that might occur during the lifetime of a 
particular plant. 
 
SGTR events that have actually occurred were not as severe as the SRP11 design basis event. 
Had the frequencies of the conservative assumptions been included in a calculation of a design 
basis frequency, a much lower frequency would result. A change in classification would 
necessarily require changes to the conservative analysis assumptions (listed in the SRP11). 
Changes to the design basis assumptions may include more conservative limits on the reactor 
coolant activity for those plants that do not have STS limits on coolant iodine concentrations, 
SGTR overfill conditions, multiple ruptures of the steam generator tubes, and other conditional 
failure scenarios.  
 
Conclusion 
 
The basis for this issue was derived from the number of SGTR events that occurred and the 
existing potential for doses from these events that exceeded 10 CFR 100 guidelines. However, 
these doses would occur only if there were an unlikely (but not impossible) set of circumstances 
as discussed in detail in Section 8.1 of NUREG-0916.754 
 
For the 4 SGTRs that occurred, there were no significant consequences to the public and the 
existing design basis SGTR was proven to be adequate. The staff believed that it was premature 
to establish a priority for reclassification of the design basis SGTR event, prior to obtaining the 
results from other Staff Actions (See Item 67.5.1). Therefore, this issue was considered a 
Licensing Issue and was integrated into the resolution of Item 67.5.1.  
 
 
ITEM 67.5.3: SECONDARY SYSTEM ISOLATION 
 
Description 
 
Historical Background 
 
This item was Recommendation 5.3 of the DL/NRR memorandum752 and called for the NRC to 
reevaluate the provisions for isolating the steam generators in conjunction with Items 67.3.1 and 
67.5.1. The evaluation was expected to consider whether the existing provisions for isolating the 
main steam and feedwater lines were adequate, with particular emphasis on isolation of the steam 
generator with RCS loop isolation valves that utilized closed bonnet secondary safety valves or 
contained the discharge from the steam generator safety and relief (atmospheric dump) valves. 
 
Safety Significance 
 
The primary safety significance of SGTR events is the potential for a direct path for a loss of 
radioactive coolant from the RCS through the steam generator to outside the containment. This 
event could also increase the probability of a core-melt because the reactor coolant leaking from a 
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steam generator tube cannot be recirculated. Other systems that penetrate the containment and 
interface either with the RCS or the containment have two containment isolation valves that close 
automatically or are locked closed. The steam generator safety and atmospheric valves open 
automatically and, as required by the ASME Code, cannot be isolated. 
 
Possible Solution 
 
Some of the older PWRs have block valves in the reactor coolant loops that could be used to 
isolate the steam generators and prevent the loss of coolant and radioactivity from the RCS. 
Alternatively, the discharge from the steam generator safety and relief valves could be routed to 
return to the containment or a quench tank. GDC 57 requires each line that penetrates 
containment (and is neither part of the RCS nor connected to the containment atmosphere) to 
have at least one isolation valve that is locked closed, automatic, or capable of remote operation. 
GDC 57 was not interpreted to apply to the valves on the steam generator. However, some 
improved means of isolating the steam generator, possibly either by requiring loop isolation valves 
in the RCS or containment of the safety valve discharge, could be considered. 
 
 
Priority Determination 
 
Recommendation 8 of NUREG-0651755 stated "... For those plants provided with loop isolation 
valves, the use of these valves following an SGTR should be investigated. Isolating the affected 
loop would provide an almost immediate abatement of steam generator tube leakage, but would 
prohibit cool-down of the damaged steam generator. Licensees should, therefore, examine the 
advantages and disadvantages in their plant of loop isolation." As pointed out in NUREG-0651,755 
the determination and isolation of the damaged steam generator appeared to take longer than the 
assumed 30 minutes in the FSAR analysis. In this regard, Item 67.5.1 could address this aspect of 
steam generator isolation. 
 
The EOPs involved with isolation of the secondary system following an SGTR were identified in 
Item 67.4.3 as selected events for staff review. In isolating the steam generator, an operator's 
worst error could be isolating the wrong steam generator. If this were to occur, overfill of the 
broken steam generator could still result. In addition, the intact steam generator which is isolated 
could boil dry. Saturated conditions in this hot leg could result. When the operator recognizes the 
error, isolates the faulted steam generator, and opens the intact steam generator, he might have 
no steam generator cooling since natural circulation might have become inhibited through the 
intact steam generator due to void formation. The faulted steam generator would then be isolated, 
resulting in minimal transfer of heat. The operator could unisolate the faulted steam generator and 
steam either to the condenser (if available) or to the atmosphere, but this would result in 
increased offsite doses. 
 
The W SGTR guidelines contain a note that advises operators not to use the loop isolation valves 
in the event of an SGTR. They further state that "... any use of LSIVs (Loop Stop Isolation Valves) 
must be justified on a plant-specific basis." The reasons given by W for not using these valves 
were: (1) their use has not been included in any accident analyses; (2) they are not meant to be 
safety components; (3) their use has not been recommended, since steam generator isolation has 
not been shown necessary to limit releases to an acceptable value; (4) the valves are very slow 
acting and take minutes to close; and (5) their subsequent re-opening required a rather careful 
procedure. 
 
 



 Revision 5 

September 30, 2011 3.67-13 NUREG-0933 

Conclusion 
 
Many PWRs do not have LSIVs for use in an SGTR accident. For those plants that have them, 
modifications would likely be required. However, based on the above discussion, the valves did 
not appear to be necessary. In each of the SGTR events that occurred, the operator took correct 
action and in none of the events did incorrect action result in any significant adverse effect to the 
public. In each event, the SGTR was isolated to the faulted steam generator. Therefore, this issue 
was placed in the DROP category. 
 
 
ITEM 67.6.0: ORGANIZATIONAL RESPONSES 
 
Description 
 
Historical Background 
 
This item was Recommendation 6.0 of the DL/NRR memorandum752 and called for the staff to 
establish, as soon as possible, improved NRC emergency preparedness to handle nuclear 
accidents at licensed reactor facilities. 
 
Safety Significance 
 
In the event of a nuclear accident, improved NRC emergency preparedness procedures will 
enable NRC to monitor and evaluate the situation and its potential hazards, advise the licensee's 
operating staff as needed, and, in an extreme case, issue orders governing such operations. 
 
Possible Solution 
 
Resolution of this item centered around implementation of TMI Action Plan Item III.A.3. 
 
Conclusion 
 
This issue was covered in TMI Action Plan Item III.A.3.  
 
 
ITEM 67.7.0: IMPROVED EDDY CURRENT TESTS 
 
Description 
 
Historical Background 
 
Improved Eddy Current Tests (ECT) were originally proposed by the staff as requirements to be 
implemented by licensees. Improved ECT could enhance earlier detection of degradations and 
thereby minimize, or mitigate, steam generator tube degradations and ruptures. The evaluation of 
improved ECT as a requirement (Item 66.3) showed that use of current state-of-the-art improve-
ments provided only small reductions in public risk. Likewise, since ECT was an evolving 
technology, imposition of any requirement was determined to be premature. However, it was also 
recognized that significant potential reductions in ORE could result from use of improved ECT. 
Therefore, this item was believed to warrant a medium priority ranking. The conclusion reached in 
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Item 66.3 was consistent with the position that improved ECT should be handled as a Staff Action 
item and developed in accordance with the possible solution described below. 
 
Safety Significance 
 
The steam generator tube that ruptured at Ginna exhibited no ECT indication during earlier 
testing. Improved ECT techniques would most likely have given indications and the event could 
have been avoided. 
 
Possible Solution 
 
This effort, conducted in parallel with ongoing ASME Code Committee activities, would 
incorporate updated eddy current inspection procedures in the ASME Boiler and Pressure Vessel 
Code, Sections V and XI for NDE and ISI, respectively. The improved test procedures would be 
considered part of the in-service ECT of PWR steam generator tubing. 
 
Priority Determination 
 
In a previous evaluation756 by the staff, it was determined that improved ECT techniques would 
provide small reductions in public risk and, therefore, was considered a low priority. It was also 
concluded that significant reductions in ORE could result from use of improved ECT techniques. 
The priority ranking based on the ORE reduction potential was medium. Improved ECT would 
also enhance the certainty that defective or degraded tubes would be identified and removed from 
service to assure meeting 10 CFR 100 release limits. The latter condition could be argued to 
classify improved ECT as a licensing issue. In either classification, an economic incentive for use 
of improved ECT of up to $5M/plant, based on avoided cost of forced outages, could be 
obtainable. Based on a combination of the above potential benefits, development of improved 
ECT procedures was recommended as a medium priority principally because of the potential 
reductions in ORE. 
 
Conclusion 
 
This issue was integrated into the resolution of Issue 135.1075 
 
 
 
ITEM 67.8.0: DENTING CRITERIA 
 
Description 
 
Historical Background 
 
This item concerned a staff recommendation to develop generic inspection criteria and methods to 
quantify steam generator tube denting. Operating experience showed that surveillance of steam 
generator tubes was necessary to identify denting and to take corrective action to mitigate the 
stress corrosion cracking induced by denting. 
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Safety Significance 
 
Denting can enhance stress corrosion cracking leading to through-wall cracks and leaks in steam 
generator tubes. Denting, combined with flow slot `hourglassing,' caused the U-bend stress 
corrosion cracking that led to the SGTR at Surry Unit 2 in September 1976. 
 
Possible Solution 
 
Development of a generic inspection requirement and criteria for steam generator tube denting 
will provide assurance that minimum standards for denting are applied uniformly. 
 
Priority Determination 
 
Frequency Estimate 
 
At the time of this evaluation, only one SGTR event was attributed to the denting phenomena in 
approximately 300 RY of operation. This corresponded to an SGTR frequency of 3 x 10-3/RY. 
Therefore, the SGTR contribution to a core-melt frequency of 4.7 x 10-6/RY contained a 
contribution of approximately 15% or 7 x 10-7/RY due to denting. 
 
Consequence Estimate 
 
The PWR Category 4 release of 2.7 x 106 man-rem was used to estimate the consequences of a 
core-melt associated with an SGTR. Using the above frequencies, the public risk, annualized over 
a remaining plant life of 24 years, yielded a public risk of [(7 x 10-7)(2.7 x 106)(24)] man-rem/plant 
or 45 man-rem/plant. Based on the assumption that approximately 40 of the operational and 
planned PWRs (~90 plants) had or will experience denting problems, the total public risk was 
approximately 1,800 man-rem. Assuming a 30% reduction due to improved denting surveillance 
criteria resulted in a total public risk reduction of 13.5 man-rem/plant and 540 man-rem for 
40 plants. 
 
Cost Estimate 
 
Industry Cost: It was estimated that, as a minimum, with the use of generic denting criteria from 
the STS, the industry cost benefit would parallel the NRC cost benefit. 
 
NRC Cost: The estimated cost to develop the denting criteria was based on 3 man-months of 
effort; at $100,000/man-year, this cost was $25,000. The implementation mechanism was 
assumed to be an STS revision. It was assumed that the denting criteria in the STS would apply 
to NTOL and CP plants and those operating plants that experienced denting problems. Using the 
same ratio (40/90) as used in the above risk determination, 40 of the total of 90 plants will require 
implementation of the STS denting criteria. It was also estimated that development of generic 
denting criteria would reduce NRC plant-specific review time by 2 man-weeks/plant. The result 
was a cost saving of (40)(2)($1,920) or $153,600. The net cost benefit to the NRC was approxi-
mately $128,600. 
 
Based on the above assumptions, development of generic denting criteria had a total net cost 
benefit of approximately $250,000. 
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Value/Impact Assessment 
 
The public risk reduction associated with implementation of generic denting criteria was not 
significant. The major value in development of these criteria was that it could provide a net cost 
benefit to the NRC and industry. No negative impacts (adverse changes to existing plant-specific 
criteria) were assumed in this evaluation. 
 
Conclusion 
 
In consideration of the low potential public risk reduction, development of generic denting criteria 
was considered a low priority. However, the generic denting criteria provided a small public risk 
reduction potential and could result in a net cost reduction for the NRC and industry. The issue 
was addressed in the resolution of Issue 135.1075 
 
 
ITEM 67.9.0: REACTOR COOLANT SYSTEM PRESSURE CONTROL 
 
Description 
 
Historical Background 
 
This item addressed Recommendation 9 of the DL/NRR memorandum752 and called for a study to 
determine the need for controlling and reducing RCS pressure during and following an SGTR with 
emphasis on existing plant systems and equipment. The spectrum of possible initial conditions, 
RCS thermal-hydraulic conditions, and break sizes were to be considered. The use of the 
pressurizer auxiliary system was to be explicitly examined since its use could eliminate the 
necessity to use the pressurizer PORV in cases where forced RCS flow is lost. The study was to 
address the following objectives: (1) minimizing the primary to secondary leakage through the 
broken steam generator tube; (2) maximizing control over system pressure; and (3) minimizing the 
chances of producing voids in the RCS and other complicating effects. 
 
Safety Significance 
 
RCS depressurization following an SGTR is more difficult because of the loss of normal 
pressurizer spray. RCS fluid contraction, caused by the cool-down from the dumping of 
secondary-side steam to either the main condenser or to the atmosphere, will result in some 
reduction in RCS pressure, but other measures must be taken to expeditiously reduce the RCS 
pressure to the point where primary coolant flow into the damaged steam generator stops. 
 
The pressurizer PORV was used during the Ginna and Prairie Island SGTR events to reduce 
RCS pressure. However, control of RCS pressure is difficult with the PORV since its use creates 
an additional loss of coolant. The decrease in RCS pressure can be so rapid that steam voids 
may be formed in the reactor vessel upper head and at the top of the steam generator U-tubes 
and may further complicate the RCS depressurization.  Void formation can lead to concerns 
regarding core cooling. The Ginna operators were sufficiently concerned that they left the safety 
injection pumps operating, thereby overfilling the steam generator via primary-to-secondary 
leakage through the ruptured tube. The resulting secondary-side pressure transient caused the 
main steam safety valves to lift, releasing radioactive material directly to the atmosphere. It was 
not apparent that the auxiliary spray from the charging system could have successfully lowered 
RCS pressure to the point where primary coolant flow into the steam generators could have been 
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stopped. It may have been that, by spraying cold charging fluid into the pressurizer, the decrease 
in pressure would have resulted in void formation thus expanding the RCS fluid volume, filling the 
pressurizer, and rendering further spray flow ineffective. This phenomenon was to be examined 
as well as the thermal stresses on the spray nozzle. 
 
Possible Solution 
 
With optimized RCS pressure control, the risk associated with an SGTR could be reduced by 
reducing the potential radiological consequences. 
 
Priority Determination 
 
Frequency Estimate 
 
Independent analyses by the staff considered three categories of SGTR events: (1) SGTR and 
loss of DHR; (2) SGTR resulting from LOCA; and (3) SGTR with loss of secondary system 
integrity. For Categories 1 and 2 above, the core-melt probabilities were not dominated by SGTRs 
and were calculated to be 5.5 x 10-7/RY and 3 x 10-8/RY, respectively. Category 3 included single 
and multiple tube ruptures followed by stuck-open steam generator safety valves, MSLB, failure of 
the MSIVs, steam generator overfill, and failure to depressurize the RCS before the RWST was 
exhausted. The latter was considered since recirculation water from the sump might not be 
available following an SGTR event should a loss of secondary system integrity (e.g., stuck-open 
safety valve, MSLB) occur outside containment. 
 
It was assumed that RCS pressure control would enhance depressurization of the RCS by a 
factor of 10 for the Category 3 sequences involving less than 10 SGTRs. For greater than 
10 SGTRs, the depressurization was assumed to be too rapid for the RCS pressure control to be 
effective. The result would be a reduction in core-melt frequency of 1.8 x 10-6/RY for enhanced 
RCS pressure control. 
 
Consequence Estimate 
 
The consequences resulting from an SGTR would involve releases typical of a PWR Category 4 
release as used in WASH-140016 and modified to a typical meteorology with a population density 
of 340 persons/square-mile within a 50-mile radius of the affected plant. The public risk reduction 
was (1.8 x 10-6)(2.7 x 106) man-rem/RY or 4.9 man rem/RY. Considering an average remaining 
plant life of 24 years, the public risk reduction was estimated to be 117 man-rem/reactor. 
 
Cost Estimate 
 
NRC Cost: The cost of the recommended separate staff study depended on the existing capability 
for RCS pressure control following an SGTR and the incremental improvement required. As a 
minimum, the study could require a review and documentation of how existing systems and 
procedures already provided the requisite capability. In some plants, the study could require 
thermal-hydraulic modeling of the primary and secondary coolant systems as well as detailed 
stress analysis of selected components such as the pressurizer auxiliary spray nozzle. A study of 
this depth and the development of an optimized approach for RCS pressure control could cost 
one man-year ($100,000) or more. 
 
TMI Action Plan Item I.C.1, clarified in NUREG-0737,98 included in its scope the development of 
EOPs for accidents and transients including multiple SGTRs. Likewise, the adequacy of existing 
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and alternate means of satisfying LWR shutdown decay heat removal requirements were 
addressed in Issue A-45. Shutdown requirements in effect during SGTRs in PWRs were also 
considered in Issue A-45. Therefore, existing NRC studies negated the need for a separate study 
on RCS pressure control. 
 
Industry Cost: The major cost of the study, as recommended, would be borne by the NRC and its 
contractors; however, input by and consultation with specific plants, plant types, or perhaps 
separate PWR Owners' Groups would be involved. In the latter case, NSSS Owners' Groups 
evaluated means of controlling reactor coolant pressure during an SGTR. The depth and scope of 
the Steam Generator Owners' Group (SGOG) study was expected to at least parallel the above 
NRC study. 
 
The cost of implementing an optimized approach for RCS pressure control was likely to be highly 
variable, depending on the adequacy of the existing RCS pressure control capability and the 
differences between the existing and the optimized approach. The cost associated with 
implementing an optimized approach for RCS pressure control was not quantifiable, but could 
include some or all of the following items of cost: (1) developing, validating, and implementing new 
emergency procedures; (2) training plant operators; or (3) replacing equipment or upgrading 
equipment qualification if existing equipment must be operated outside of the conditions for which 
it was originally designed and qualified. In the scope of the recommended study, the 
implementation cost was moot. However, in an overall value/impact, the implementation cost 
could be significant. 
 
Value/Impact Assessment 
 
The value of the recommended NRC study on RCS pressure control was that it could uncover, or 
result in development of, optimized means (procedures, equipment, instrumentation) to control 
reactor coolant pressure to minimize primary to secondary leakage following an SGTR. Thus, the 
potential for overfilling a steam generator and the quantity of radioactive material released directly 
to the atmosphere following an SGTR should be reduced. 
 
Based on the above frequency and consequence estimates, the value was a potential public risk 
reduction of 117 man-rem/reactor over an average remaining plant life of 24 years. The major 
initial impact was the cost of performing the study. Subsequent impacts depended on the results 
of the study and could not be quantified. 
 
Conclusion 
 
Based on the above, the potential public risk reduction of 117 man-rem/reactor that could be 
derived by a separate (new) NRC study on RCS pressure control was not highly significant. The 
potential value that could result from such a study would most likely be improved RCS pressure 
control for both accidents and transients. In this regard, staff actions developed under TMI Action 
Plan Items I.C.1(2,3) and Issue A-45 also resolved the objective of this issue. In addition, the work 
by the SGOG on RCS pressure control could have been factored into the review of 
Items I.C.1(2,3) and Issue A-45. 
 
In summary, RCS pressure control was considered part of studies conducted for NUREG-0737,98 
Items I.C.1(2,3), (which were resolved and implemented under MPAs F-04 and F-05) and Issue 
A-45. 
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ITEM 67.10.0: SUPPLEMENTAL TUBE INSPECTIONS 
 
Description 
 
Supplemental Tube Inspection (STI) was originally proposed by the staff as a recommended 
licensee action.752 The value/impact analysis756 ranked the proposed staff recommendation as a 
licensing issue. This ranking inferred that the staff-proposed STI would provide only small 
potential public risk reduction and a low value/impact ratio. However, as a minimum, the statistical 
sample size of the proposed STI would ensure that no more than the limiting number of defective 
tubes would go undetected. The limiting number of sample tubes to be inspected would be based 
on meeting 10 CFR 100 release limits from, and concurrent with, an MSLB. Thus, STI would 
provide additional assurance that existing regulatory requirements on radiological releases would 
be maintained and further reduce SGTRs. Subsequent information753 from industry indicated that 
the staff-proposed STI would result in higher costs and greater ORE than that previously 
estimated by the staff. The staff reevaluated753 their proposed STI and agreed in part with the 
industry assessment. However, it was the staff's position that some form of STI could be formu-
lated to provide added assurance of tube integrity with less ORE and an improved value/impact 
relationship. 
 
In view of the above, STI did not require licensee implementation but was identified for further staff 
action and evaluation. 
 
Conclusion 
 
This issue was classified as a Licensing Issue that called for the staff to investigate more practical 
alternatives for STI.  As a part of the improvements to NUREG-0933, the NRC staff clarified in 
SECY-11-0101, “Summary of Activities Related to Generic Issues Program,” dated 
July 26, 2011,1967 that the Generic Issues Program will not pursue any further actions toward 
resolution of licensing and regulatory impact issues. Because licensing and regulatory impact 
issues are not safety issues by the classification guidance in the legacy Generic Issues 
Program, these issues do not meet at least one of the Generic Issues Program screening 
criteria and do not warrant further processing in accordance with Management Directive 6.4, 
“Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will not be 
pursued any further in the Generic Issues Program. 
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ISSUE 81: IMPACT OF LOCKED DOORS AND BARRIERS ON PLANT 

AND PERSONNEL SAFETY 
 
Description 
 
Historical Background 
 
In October 1982, the Executive Director for Operations appointed the Committee to Review 
Safety Requirements at Power Reactors (CRSRPR) to review U.S. Nuclear Regulatory 
Commission (NRC) security requirements at nuclear power plants with a view toward evaluating 
the impact of these requirements on operational safety. Overall, the CRSRPR did not identify 
any clear operational safety problems associated with implementation of the NRC’s security 
requirements. However, the Committee found that there was the potential for security measures 
at a site to adversely affect safety and issued its recommendations in a report621 to the Office of 
Nuclear Material Safety and Safeguards. In view of one of the findings in this report, a 
memorandum542 was issued on May 31, 1983, identifying this issue and suggesting that a 
multidisciplinary group be convened to perform an integrated assessment of the potential safety 
problem associated with locked doors and barriers. Based on the responses to the 
memorandum, a consensus supported the creation of the multidisciplinary group to gather the 
necessary information and prepare a scope of the issue for appropriate consideration. 623 This 
approach was approved624 and action on this matter was formally initiated.625 
 
The multidisciplinary group held its first meeting on February 28, 1984, and issued a report on 
June 8, 1984.626 Inasmuch as a proposed rule (SECY-83-311, “Proposed Insider Safeguards 
Rules,” dated July 29, 1983627) specifically designed to address the security barrier issue had 
been prepared independently, and IE Information Notice 83-36, “Impact of Security Practices on 
Safe Operations,”628 had been issued in June 1983, the work of the group was limited to 
nonsecurity barriers. 
 
The proposed rule1436 was eventually adopted and stated that “the NRC is amending its 
regulations to provide a more safety conscious safeguards system while maintaining current 
levels of protection.” Regulatory changes included (1) permitting suspension of security based 
on Title 10 of the Code of Federal Regulations (10 CFR) 50.54(x) and (y), (2) requiring the 
access authorization system to be designed to accommodate the potential need for rapid 
ingress and egress of individuals during emergency conditions or situations that could lead to 
emergency conditions, and (3) ensuring prompt access to vital equipment by periodically 
reviewing physical security plans for potential impact on plant and personnel safety. The rule 
was implemented with Regulatory Guide (RG) 5.65, “Vital Area Access Controls, Protection of 
Physical Security Equipment, and Key and Lock Controls,”1438 and Generic Letter 87-08, 
“Implementation of 10 CFR 73.55 Miscellaneous Amendments and Search Requirements,” 
dated May 11, 1987,1437 which addressed the issuance of vital area keys to operations 
personnel. At the time of evaluation of this issue in 1995, the Office of Nuclear Reactor 
Regulation (NRR), Reactor Safeguards Branch, indicated that almost all licensees were in 
compliance with RG 5.651438 and Generic Letter 87-081437 and had implemented mechanical key 
overrides for electronically controlled access doors. The rulemaking resulted in security plan 
amendments that increased the focus on plant and personnel safety. 
 
Subsequent to the above work, a main feedwater pipe rupture event at Surry Power Station 
(see Issue 139, “Thinning of Carbon Steel Piping in LWRs”) caused the failure of a security 
card-reader that was located approximately 50 feet from the break point. This failure was 
caused by intrusion of water and steam that saturated the card-reader. As a result, key cards 
could not be used to open plant doors. The control room doors were opened to provide access 
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to the control room, and security personnel were assigned to the control room to provide access 
security. One operator was temporarily trapped in a stairway due to the card-reader failure. 
Electric override switches were later installed to remedy this problem. Because of the failure of 
the security card-reader during the Surry Power Station event, the staff determined that 
Issue 81 should be expanded to include potential electric door lock failures and reevaluated to 
determine whether the previous priority ranking (DROP) should be changed.1163 
 
Safety Significance 
 
The possible failure of locked doors and barriers that may be required for fire protection, 
radiation protection, flood protection, and administrative controls is of special concern during 
abnormal or accident situations when emergency conditions may require prompt and unlimited 
access of the plant operators to safety equipment to assure proper plant shutdown. This issue 
was applicable to all operating and future plants. 
 
Possible Solution 
 
An evaluation of each plant’s locked doors and barriers might be required and appropriate 
procedural and hardware changes may have to be made to establish that operator access is 
unimpeded during emergency, abnormal, or accident conditions, and that prompt operator 
action, as required, is possible. 
 
Priority Determination 
 
This section presents the NRC staff analysis for prioritizing this issue, which was performed in 
1995. This analysis, which includes frequency, consequence, and cost estimates and a 
value/impact assessment, has not been updated in the 2011 revision of this issue. 
 
In the event of an accident, failure of the electronic card-reader access control system (ACS) 
could result in an impediment to operator actions outside of the control room that are required 
for recovery. Some examples of possible operator actions are (1) locally overriding a failed 
component, (2) replacing or repairing a failed component, or (3) realigning valves to bypass a 
failed pump or clogged pipe. If the card-reader ACS fails, the operator will be impeded in his 
access through the door. 
 
Even if the ACS fails, there is a large probability that the plant will have a mechanical key 
override or that the locks will fail open. The study conducted by the CRSRPR estimated that a 
majority of plants did not have problems with ACS computer failure, either because the doors 
fail open, mechanical key overrides are available, or the number of controlled areas is small.621 
An NRR review of plant safeguards revealed that only one plant that did not have a mechanical 
key override on ACS-controlled doors had locks that failed open. Based on these data, a 
probability of 0.01 was assumed to account for the occurrence of no key override due to lost or 
misplaced keys, mechanical failure of the override, or failure of an electronic ACS to fail open if 
so designed. 
 
Assuming the worst case (i.e., the operator has no other means than to defeat the lock), the 
effect of impeded operator action was estimated assuming that action begins soon after the 
accident is initiated. The amount of time between accident initiation and the initiation of core 
damage was calculated for critical minimum cutsets in WASH-1400 (NUREG-75/014, “Reactor 
Safety Study: An Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants,” 
issued October 1975.16 Studies have also been performed to estimate the amount of time 
required to defeat a locked door, such as the access delay technology transfer manual (Sandia 
National Laboratories report SAND87-1926/1 VC-525, dated June 7, 1989). These studies 
showed that the lock on a typical access door in a commercial nuclear power plant could be 
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defeated in less than 6 minutes with hand tools. The number of doors that would be required to 
be unlocked can also be estimated. The CRSRPR study found that, on the average, operators 
need to access three doors to perform routine surveillance, starting from the control room.621 
Routine surveillance requires accessing most areas of the plant, as opposed to the type of 
specific access that would be required for operator actions in response to equipment failure. 
Therefore, assuming that three doors will need to be accessed is probably a conservative 
assumption, even for plants that require more than three controlled doors to be accessed for 
routine maintenance. 
 
Based on the typical door construction at nuclear power plants, as provided in the Sandia 
National Laboratories report, the time for penetration of a door with hand tools (e.g., a large 
screwdriver or crowbar) was determined to range from no delay to 6 minutes. The maximum 
time required to obtain tools, starting from the control room, was estimated to be 5 minutes. 
These estimates yield a minimum (5 minutes) and maximum (23 minutes) time for breaking 
through three doors. These times were arbitrarily assumed to be the 10-percent and 90-percent 
points on a success probability curve, with linear interpolation between these points and the 
probabilities of zero-percent chance of success at time = 0 minutes and 99-percent chance of 
success at time = 1 hour. Using this curve, the probability of successful performance for a given 
period of time to core damage can be estimated. This curve was used only to estimate the 
probability that three locked doors can be defeated before core damage is initiated for any given 
accident sequence, given the unknown construction of locked doors in the average plant and 
the unknown availability of tools. For this evaluation, every sequence that results in damage in 
greater than 1 hour was assumed to result in core damage after 1 hour. This was a conservative 
assumption because almost every sequence requires more than 1 hour until initiation of core 
damage and/or containment failure. A detailed analysis of each accident scenario would be 
required to determine at what point a given action would become futile. 
 
In order to estimate the probability that the card-reader will fail during a plant transient or similar 
event, data from NUREG/CR-5580, “Evaluation of Generic Issue 57: Effects of Fire Protection 
System Actuation on Safety-Related Equipment,” issued December 1992,1588 were reviewed. 
This report contained details from 138 incidents of advertent or inadvertent fire protection 
system actuation. Only one incident resulted in failure of the electronic ACS. Based on these 
data, a failure rate for the ACS of 0.01 was assumed. Although this estimate may be close to 
the actual failure rate for a scenario like station blackout, it is probably conservative for most 
other scenarios. (In addition, the harsh environment criterion was considered by NRR in the 
licensing of new plants, and the advanced boiling-water reactor design incorporates features to 
prevent the failure at one station from affecting the rest of the system.) 
 
Scenarios that require operator action outside the control room are included in most probabilistic 
risk assessments (PRAs). The quantification of those scenarios usually includes the probability 
that the operator will fail to properly respond to an equipment malfunction or other problem in a 
timely manner. The effect of ACS failure on operator actions can be included in these terms by 
increasing the operator error probabilities used in the existing PRAs by a factor equivalent to the 
combined probabilities of card-reader failure, key override unavailability, and operator inability to 
break through doors before initiation of core damage. These data are presented in Table 3.81-1 
below. However, because it is recognized that this table does not include individual sequences 
that may have a significantly greater chance of impeded operator action, it was decided to 
perform a parametric study in order to determine the impact on the probability of core damage 
of the variation in those estimates. The results of this study are presented in Table 3.81-2 and 
discussed below. In addition, a review of the interfacing systems loss-of-coolant accident 
(LOCA) accident scenarios for three typical plants (which were investigated in a separate 
program) indicated that only one of the three plants had a minimum cutset that included an 
operator action outside of the control room. This action also had an alternate action inside of the 
control room. 
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Frequency Estimate 
 
In order to calculate the increase in core-melt frequency, the minimum cutsets from existing 
PRAs for Oconee Nuclear Station, Unit 3, and Grand Gulf Nuclear Station, Unit 1, were 
assumed to represent the ideal condition of no effect of locked doors on operator recovery for 
pressurized-water reactors (PWRs) and boiling-water reactors (BWRs), respectively. This was a 
reasonable assumption because the scenario of card-reader failure was probably not 
considered for these early PRAs and was not discussed in the Nuclear Safety Analysis Center 
reports on these PRAs. 
 
The effect of the card-reader ACS failure was studied64 parametrically by Pacific Northwest 
Laboratory by calculating the total increase in core damage frequency (CDF) for a 
corresponding increase in the probability of any event that models failure of operator action. 
This probability of operator failure was increased by 0.0001, 0.0005, 0.001, 0.01, and 0.1. This 
quantity was added to all existing parameters in minimum cutsets that represented failure of 
necessary operator actions outside of the control room. These actions are included in all 
minimum cutsets, not only the four listed in Table 3.81-1. The results of this study are presented 
in Table 3.81-2. 
 
Although the maximum probability calculated in Table 3.81-1 is 1.2x10-5, the range of values for 
the parametric study started at 10-4. However, 1.2x10-5 was believed to be a conservative 
estimate of the maximum increase in operator failure probability, as the events listed in 
Table 3.81-1 were chosen on the basis of a high speed of core damage initiation. Events that 
take longer than several hours to develop core damage will probably be minimally affected by 
impeded operator access, because the operators will have more time to gain access. Therefore, 
including these events in the calculation for increase in CDF was conservative. 
 
Consequence Estimate 
 
The increase in public risk was an output of the PRA and was also shown in Table 3.81-2. 
Corresponding values for total public exposure were calculated based on the estimated number 
of operating and future plants (90 PWRs and 44 BWRs) with remaining lives of 28.8 and 
27.4 years, respectively. As expected, the increase in both core-melt frequency and public risk 
was negligible at the expected levels of operator impairment (10-4) but became significant at 
unrealistic levels of impairment (10-1). These calculations contain the implicit assumption that 
core damage will occur in no more than 1 hour for all events. 
 
 Table 3.81-1  Estimated Probability of  
 ACS Failure To Prevent Operator Action 
 

 
Eventd 

Probability 
 
Productc 

ACS 
Failsa 
 

Override 
Failsa 

Delay
Exceeds 
Limitsb

V 0.01 0.01 0.12 1.2x10-5 
S2D 0.01 0.01 0.08 0.8x10-5 
AH 0.01 0.01 0.02 0.2x10-5 
TMLB 0.01 0.01 0.01 0.1x10-5 
Notes 
a   Estimated. 
b   Calculated, assuming a limit of 1 hour for all sequences. 
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c   Based on assumed independence of ACS failure, override failure, and delay of operator until core damage 
initiates.  

d   Minimum cutset accident sequences from WASH-1400:16 
V LPIS check valve/system failure 
S2D 0.5" to 2.0" LOCA combined with loss of ECCS injection 
AH Medium to large LOCA and failure of ECCS recirculation  
TMLB TMI sequence 

 
 Table 3.81-2  Calculated Increase in 
 Core-Melt Frequency and Public Exposure 
 
Operator 
Failure 
Probabilitya 

Core-Melt Frequency (x 10-5/RY) Public Dose
Increase 
(man-rem)PWR Δ BWR Δ 

Base Case 1.408 - 2.475 - - 
0.0001 1.411 0.003 2.482 0.007 5.2x102 
0.0005 1.425 0.017 2.509 0.034 2.6x103 
0.001 1.442 0.034 2.543 0.068 5.2x103 
0.01 1.754 0.35 3.149 0.674 5.2x104 
0.1 4.968 3.6 9.216 6.74 5.2x105 

Note 
a   Increase in probability that operator will fail to perform recovery action within the necessary time due to 

card-reader ACS failure and locked doors. 
 

Cost Estimate 
 
Based on the deliberations of the multidisciplinary group, the cost to evaluate and make 
modifications to each plant and its procedures was estimated to be approximately $1.1 million 
(M) per plant.626 This cost was based on the following factors: 
 
(1) A one-time evaluation of existing plant locked doors and barriers $ 200,000 
 
(2) Resolution of adverse safety findings (Cost for maintaining keys  

for a security force of 24 per plant was estimated to be $21,000/reader.627  
 Training for security and operational personnel based on 50 operators  

and security personnel for 1 day/year/plant, over the lifetime of the plant 
 (28 years) was assumed to be (1/365)(50)(28)($100,000) = $391,232) 400,000 
 
(3) Ongoing program to ensure future reduction of safeguards impact  

on safety ($10,000/year for an average reactor lifetime of 28 years) 280,000 
 
(4) NRC reviews of plant modifications 200,000 
 

TOTAL: $1,080,000 
 
These estimates could be high for a plant that was in substantial compliance with the 
recommendations in Generic Letter 87-081437 and RG 5.65.1438 However, because the estimated 
safety benefit for these plants would be a decrease in CDF significantly less than 10-5, these 
plants would not meet the substantial additional protection criterion of the Backfit Rule 
(10 CFR 50.109, “Backfitting”). 
 
Value/Impact Assessment 
 
The value/impact assessment is presented in Table 3.81-3.   
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 Table 3.81-3  Value/Impact Assessment 
 
 
Probability 
Increase 

 
Total Cost 
($M) 

Risk
Reduction 
(man-rem)

S 
(man-rem/$M)

 
Priority 
Ranking 

 0.0001 150 5.2x102 3.5  DROP/LOW
 0.0005 150 2.6x103 17  LOW 
 0.001 150 5.2x103 35  LOW/MEDIUM
 0.01 150 5.2x104 350  MEDIUM/HIGH
 0.1 150 5.2x105 3,500  HIGH 

 
Other Considerations 
 
The following other considerations relate to this issue: 
 
(1) The most probable effect of locked doors on reactor safety was believed to be 

represented by an increase in the probability of failure of the operator to leave the 
control room and perform actions required for recovery of less than 0.0001. This 
corresponded to a priority rating that was borderline between DROP and LOW priority. 
Even if this estimate was inaccurate by an order of magnitude, the corresponding priority 
ranking would be borderline between LOW and MEDIUM. 

 
(2) Even with a conservative assumption about the impact of failure of the ACS on the 

probability of preventing operator recovery action, the issue would not satisfy the 
requirements of the Backfit Rule (10 CFR 50.109). Specifically, SECY-91-270, “Interim 
Guidance on Staff Implementation of the Commission’s Safety Goal Policy,” dated 
August 27, 1991,1425 stated that, with limited exceptions, a reduction of CDF of at 
least 10-5 was needed to satisfy the substantial additional protection criterion of that rule. 
However, Table 3.81-2 shows that, with the probability of operator failure due to ACS 
failure as high as 10-2, the change in core-melt frequency does not reach this value. 
Further, as shown in Table 3.81-1, the best estimate of the increase in the probability of 
operator failure is in the range of 10-5. 

 
(3) This evaluation was not intended to address the effect of locked doors on worker safety 

in an operating plant. A nuclear power plant has many inherently dangerous materials 
that may present a significant hazard to untrained personnel but do not significantly 
affect the ability of the plant to safely shut down in the event of an accident or transient. 
While it was recognized that these dangers pose legitimate concerns, it is beyond the 
authority of the NRC to regulate working conditions other than radiological hazards. 

 
(4) The consequence and cost estimates described above were based on a remaining life of 

28.8 years and 27.4 years for PWRs and BWRs, respectively, consistent with the 
original 40-year license period. If it were assumed that 75 percent of the plants will have 
their licenses extended for an additional 20 years, the remaining life would be increased 
by 15 years. This would have very little impact on the value/impact assessment 
described above. 

 
Conclusion 
 
As explained above, this issue was initially placed in the DROP category in 1984. The estimated 
frequency of card-reader ACS failure and its impact on plant safety indicated that improvements 



 Revision 5 

September 30, 2011 3.81-7 NUREG-0933 

in this area were not a cost-effective way to increase overall plant safety. Moreover, the 
multidisciplinary task group concluded that the locks and barriers associated with these areas 
could easily be defeated or bypassed in an emergency situation, if necessary, provided there 
was enough time to take the necessary steps. In addition, implementation of the regulatory 
guidance associated with rulemaking1436 resulted in better coordination between plant security 
and operations personnel. Thus, this issue was given a LOW priority ranking in 1992 (See 
Appendix C). Consideration of a 20-year license renewal period did not change the priority of 
the issue.1564 

 
The staff conducted a review of this issue in 2010 to determine whether any new information 
would necessitate reassessment of original prioritization evaluation.1964 The staff determined 
that the operating experience has not indicated a change in the significance of this issue. In 
addition, the staff verified that the regulations related to this issue establish requirements that 
provide prompt access to affected areas and equipment during emergencies. The following 
discussion demonstrates the application of the NRC regulatory framework to this issue. 
 
According to 10 CFR 73.55(e)(9)(i), “Vital equipment must be located only within vital areas, 
which must be located within a protected area so that access to vital equipment requires 
passage through at least two physical barriers, except as otherwise approved by the 
Commission and identified in the security plans.” During emergencies or abnormal conditions, it 
may be necessary for certain licensee personnel to gain quick access to vital equipment to 
mitigate or terminate some adverse plant condition. The regulation at 10 CFR 73.55(g)(5)(i) 
requires that “The licensee shall design the access control system to accommodate the 
potential need for rapid ingress or egress of authorized individuals during emergency conditions 
or situations that could lead to emergency conditions.” Moreover, 10 CFR 73.55(g)(5)(ii) states 
that “To satisfy the design criteria of paragraph (g)(5)(i) of this section during emergency 
conditions, the licensee shall implement security procedures to ensure that authorized 
emergency personnel are provided prompt access to affected areas and equipment.” 
 
In addition, requirements have been established to ensure that personnel can quickly evacuate 
vital areas if the emergency condition results in high radiation or other dangerous conditions 
within the vital area. The regulations at 10 CFR 73.55(e)(8)(iii) and 10 CFR 73.55(e)(9)(ii) state, 
in part, this requirement for protected areas and vital areas, respectively. The regulation at 
10 CFR 73.55(e)(8)(iii) states that “All emergency exits in the protected area must be alarmed 
and secured by locking devices that allow prompt egress during an emergency and satisfy the 
requirements of this section for access control into the protected area.” In addition, 
10 CFR 73.55(e)(9)(ii) states that “The licensee shall protect all vital area access portals and 
vital area emergency exits with intrusion detection equipment and locking devices that allow 
rapid egress during an emergency and satisfy the vital area entry control requirements of this 
section.” 
 
Finally, Appendix R, “Fire Protection Program for Nuclear Power Facilities Operating Prior to 
January 1, 1979,” to 10 CFR Part 50, “Domestic Licensing of Production and Utilization 
Facilities,” states that administrative controls shall establish procedures to define the strategies 
for fighting fires in all safety-related areas and areas presenting a hazard to safety-related 
equipment. Under these strategies, in part, “All access and egress routes that involve locked 
doors should be specifically identified in the procedure with the appropriate precautions and 
methods for access specified.” 
 
In addition to the regulations stated above, for emergencies or abnormal conditions, RG 5.651438

 

states that “Licensees can provide for rapid ingress/egress during such conditions by providing 
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backup keys to vital areas and methods of opening locked doors in the case of computer or 
power failure.” Moreover, RG 5.651438

 describes acceptable procedures for providing for safe 
ingress/egress during a power or computer outage. 
 
Based on the review of the NRC regulations related to this issue presented above, the staff 
concluded that the existing regulations adequately establish requirements that provide prompt 
access to affected areas and equipment during emergencies. Therefore, the staff changed the 
status of Generic Issue 81 and DROPPED this issue from further pursuit. 
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ISSUE 111: STRESS CORROSION CRACKING OF PRESSURE 

BOUNDARY FERRITIC STEELS IN SELECTED ENVIRONMENTS 
 
 
Description 
 
Historical Background 
 
Indications of possible stress corrosion cracking (SCC) in the Indian Point Unit 3 (IP-3) steam 
generator prompted MTEB to review foreign and domestic operating experiences related to 
possible indications of SCC in low-alloy ferritic steels. The incidents identified837 as possible 
precursors to generic concerns of SCC relate to BWR reactor vessels and PWR steam 
generators. These events and some additional information that are reviewed and discussed in this 
evaluation include: 
 
(1) A through-wall crack in the transition cone of the steam generator shell at IP-3.  
 
(2) A through-wall crack in the lower head closure weld region of the Italian Garigliano steam 

generator (an indirect cycle BWR similar to a BWR-1).  
 
(3) A guillotine rupture of a transition cone (reducer) in the secondary piping of the German 

HDR test facility.  
 
(4) Cracking of feedwater lines in W PWRs.  
 
(5) Other events that may contribute to SCC in BWR reactor vessels and PWR steam 

generator vessels.  
 
(6) Inferences from materials testing.  
 
The materials of interest are those low-alloy ferritic materials (SA-533 Grade B, SA-508 Grade 2, 
and SA-302 Grade B) used in the fabrication of the subject pressure vessels.  
 
Safety Significance 
 
The reactor vessels and steam generators are constructed of low-alloy ferritic steels and designed 
to the ASME Codes. The ASME Codes are linked to fatigue crack initiation in chemically 
unreactive environments (ASME Section III) and fatigue crack growths of existing defects as part 
of the ASME Section XI inspection Code.  Even though a corrosion allowance is specified in the 
ASME Codes as a design consideration, it is not linked to corrosion fatigue or SCC that may occur 
in active chemical environments such as those experienced in the nuclear pressure vessels 
(reactor pressure vessels, steam generator pressure vessels). 
 
Should the materials used in the pressure vessels be susceptible to SCC and exceed the inherent 
allowances in the ASME design/inspection Codes, a vessel rupture could result in a core-melt and 
radiation doses to the public. This issue affects the design and operation of all LWRs except those 
designed by B&W.859 
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Possible Solution 
 
Prior to developing a solution to this problem, MTEB proposed a research scoping effort to define 
the severity of the problem and the conditions under which the SCC phenomena are likely to be 
exacerbated. The research effort would also involve laboratory testing of the low-alloy materials in 
reactor-grade water with variable oxygen, chloride, and copper as possible water chemistry 
constituents. 
 
No risk reduction can be attributed to the study (scoping) efforts. However, the proposed effort is 
expected to better define under what conditions SCC of the pressure boundary steels may occur 
and if such conditions arise or prevail during reactor operations. The proposed effort would also 
involve determinations of the effectiveness of post-weld heat treatments (PWHT) and water chem-
istry excursions that may affect the materials resistance to SCC. The results of these studies 
(research) could then possibly be used to determine when and where to conduct inspections to 
detect the cracks before they become a safety concern. 
 
Priority Determination 
 
In order to develop background frequency information to establish the safety significance of this 
issue, a review and discussion of the incidents identified above was required. 
 
IP-3 Steam Generator Event: During a refueling outage (with the reactor in a cold shutdown 
condition) on March 27, 1982, a small leak was detected on the shell side of steam generator #32 
of IP-3. The leak originated in the circumferential weld joining the transition cone to the upper 
shell.  The steam generator shell is constructed of SA-302 Grade B material approximately 4 in. 
thick. To characterize the cracking phenomenon, the utility had various samples removed 
for metallurgical evaluation and failure analyses. BNL performed an independent 
failure analysis on specimens from steam generator #32 and on three additional boat samples 
containing cracks cut from steam generator #31. Office of Inspection and Enforcement (OIE) 
issued Information Notice No. 82-37842 to inform the industry of the event. W informed843 the NRC 
staff that no indications similar to those observed at IP-3 were identified in the inspections 
performed on steam generators in 12 plants.  
 
An investigation by BNL as reported in NUREG/CR-3281844 concluded that the cracking was 
caused by a low cycle corrosion fatigue phenomenon with cracks initiating at areas of localized 
corrosion (pits) and propagating by fatigue. The cause of the pitting/cracking was considered to be 
related to the unit's relatively high operating dissolved oxygen levels and copper species in solu-
tion.  The report also concluded that SCC could not be entirely discounted as the possible failure 
mechanism. NUREG/CR-3281844 also identified that IP-3 had developed moderate to severe 
denting of the steam generator tubes. The sludge analysis in IP-3 showed concentrations as high 
as 45% copper and 40% iron. Significant amounts of chlorine (Cl), copper as cuprous oxide 
(Cu20), and alpha hematite (alpha-Fe203) were also present in the sludge pile. The presence of 
these constituents indicated that water chemistry control in the IP-3 steam generators had been 
poor for a considerable period of time. Additionally, in January 1981, IP-3 experienced a turbine 
blade failure which damaged approximately 50 condenser tubes and allowed chloride into the 
steam generators with recorded levels of up to 325 ppm. The chloride intrusion may have had 
some influence in initiating pits at the inside surface of the steam generator shell.  
 
Results from constant extension rate tests (CERT) on SA-302 Grade B material in neutral and 
chloride solutions were reported in NUREG/CR-3614.845 The CERT were performed on weld and 
base metal samples in air, water, and chlorine solutions.  The chlorine solutions as sodium 
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chloride (NaCl) and cupric chloride (CuCl2) ranged from 1 ppm to 325 ppm chlorine. The results of 
the test indicated no significant effect in the NaCl CERT. However, the CuCl2 CERT indicated 
possible susceptibility of the SA-302 Grade B material with as little as 1 ppm chlorine (as CuCl2) in 
268EC water. No attempt was made to control the dissolved oxygen content in the water. The 
combined results appear to indicate that copper as CuCl2 may significantly alter the 
electrochemical reaction. The IP-3 secondary water chemistry may, however, provide an even 
different corrosion mechanism than that of the CERT. In this regard, the electromotive force series 
of metals could also produce galvanic corrosion of the iron (Fe) in the presence of copper 
because carbon steel is anodic compared to copper (Cu) in the galvanic series.  Thus, 
pitting/crevice corrosion of the carbon steel may have been acting as a combination of galvanic 
corrosion and low cycle fatigue. In the latter case, corrosion products in cracks (crevices) may act 
as wedges during cooldowns causing crack extensions. During heatups, newly-exposed crack 
surfaces develop more corrosion deposits. Repeated cycles, therefore, may result in through-wall 
cracks (corrosion-fatigue). 
 
Because of the poor secondary water chemistry control at IP-3, the atypical massive chloride 
intrusion, and the results of the W inspections on other steam generators, the event at IP-3 may 
not represent a generic PWR condition but a plant-specific combination of atypical events. 
However, because of uncertainties in the CERT to represent conditions that may have prevailed 
at IP-3, and the indications from the CERT of the potential for copper in solution to effect some 
form of corrosion-related attack on the low-alloy materials, these effects cannot be ruled out as a 
potential generic concern, especially when considering the PWR secondary water chemistry 
controls that have existed in the industry (see "Other Conditions" contributing to SCC).  
 
Garigliano Steam Generator Event: The Garigliano steam generator crack developed at the inner 
surface of the water box circumferential weld between the tube sheet and the nozzles on the 
primary side (August 1978). The through-wall crack propagated through the Monel clad and the 
SA-302 Grade B shell (approximately 2 inches thick). GE conducted an extensive investigation 
and reported846 its results to the NRC. The most pertinent information revealed that the crack 
propagation resulted from environmentally-assisted corrosion under sustained loads (SCC).  
Manganese sulfide as segregates were evident in the monel and base metal with the presence of 
sulfur in the region of crack tips. Therefore, aggressive acidic crack-tip chemistry caused by 
dissolution of the sulfide inclusions were concluded by GE to be contributors to the SCC. Local 
PWHT of the weld with unknown control was also reported by GE to have resulted in high residual 
stresses in the region of the weld. The high oxygen content (~200 ppb) in the coolant medium was 
not considered atypical, but it may have enhanced the electrochemical reaction involved in the 
crack initiation and propagation.  
 
GE concluded that the conditions that prevailed in the Garigliano steam generator (high residual 
stress, material sulfur content and inclusions) were atypical of current domestic BWR design and 
PWHT. The NRC staff did not challenge the GE position. Therefore, the Garigliano event was not 
considered a generic event typical to domestic operating BWRs. However, the effects of sulfur 
content in the material and the potential contribution to SCC have since been subject to further 
tests and evaluations (see discussion on material testing). One might argue in hindsight that the 
Garigliano event could have been a precursor to the SCC susceptibility of high/low sulfur content 
low-alloy steels in reactor grade water. 
 
HDR Rupture Event: NUREG-1061,611 Volume 3, describes the double-end guillotine break that 
occurred in the HDR test facility on November 3, 1983. The reducer (conic section) that failed was 
fabricated from a single billet of 15 Mo 3 steel. The wall thickness of the conic section was 
approximately one-fourth the design thickness. Therefore, the combined primary, secondary, 
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bending, and notch stress concentrations could have resulted in a stress intensity of nearly two 
orders of magnitude above the design stress. This fabrication error could well have resulted in 
exceedance of some stress threshold that caused the failure. The thinness of the conic wall 
section and the high oxygen content (~8ppm) may also have contributed to the failure. The 
atypical design and fabrication errors related to the HDR failure are believed sufficient to preclude 
this event as representative support of this issue as a generic issue. It should be pointed out that, 
although the stresses were very high, there was no gross plastic deformation and no ductility 
exhibited on a microscale.857 It was a brittle fracture. The failure is atypical of fatigue in that there 
were numerous initiation sites. These facts point to stress corrosion cracking of low alloy/ carbon 
steels as the failure mechanism. This incident is cited to demonstrate the mechanism. 
 
PWR Feedwater Line Cracking Events: These failures are being addressed in Issue 14. The 
primary failure mode has been identified as thermal fatigue (not CF or SCC) resulting from coolant 
stratification. The PWR Pipe Crack Study Group completed its investigation of this issue and 
published its findings in NUREG-0691.13 Based on the above findings, any SCC that may or may 
not have influenced the resulting failures were masked by the thermal fatigue constituent.   
 
Other Events Contributing to Potential SSC: Intrusion of chloride, sulfide, copper, and other 
contaminants into the BWR reactor water and PWR secondary water may contribute to SCC of 
the vessels materials. EPRI NP-1136847 stated that 20 BWR plants over a 33-month time period 
(1974-1977) indicated 12 forced outages as a result of high conductivity in the reactor water or 
heavy condenser tube leakages. On an average, this amounts to 307.22 significant contaminant 
intrusions per BWR reactor-year. EPRI NP-2230307 reported 6 condenser leakages over 172 RY 
of PWR operation. This amounts to a frequency of 0.03 contaminant intrusions from condenser 
leaks into the PWR secondary cooling water of the steam generators.  
 
As a further example of other apparent poor PWR secondary water chemistry operations (in 
addition to the IP-3 sludge analyses discussed earlier), the sludge deposits in the removed 
Surry 2A steam generator undergoing tests at Hanford were reported in NUREG/CR-3842.849 
Analyses of the Surry sludge deposits revealed 35 to 60 percent metallic copper, 20 to 30 percent 
Hematite (Fe203), and 10 percent Cuprite (Cu20). All the analytical data on the sludge samples 
indicated that they originated from the secondary side. The high copper content probably 
originating from the condenser tubing (see "Other Considerations").  
 
Tighter requirements for reactor water may account for the reported higher frequency of 
contaminant intrusion in BWRs from condenser tube leaks. However, Regulatory Guide 1.56848 
provides methods determined acceptable by the NRC staff to maintain high purity water in the 
BWR reactor water cycles and to minimize failure of the reactor vessel from mechanisms of 
general corrosion and SCC induced by impurities in the reactor coolant. 
 
For the secondary side of the PWRs, resolution850 of Issues A-3, A-4, and A-5 contained staff 
recommendations that the PWR plants incorporate Revision 3 to SRP11 Section 5.4.2.1 as plant-
specific programs for secondary water chemistry control.  
 
From the above limited data, condenser tube leaks in BWRs and PWRs have been frequent. 
However, the water purity requirements for BWR plants should alleviate potential corrosion effects 
to the BWR reactor vessels. For the PWR steam generators, adoption of the secondary water 
chemistry guidelines may reduce future corrosion potentials, but not necessarily resolve the 
effects of existing corrosion damage. 
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Based on the IP-3 experience, the above-described Surry sludge analyses, the recent Surry 
Unit 2 inspections discussed in "Other Considerations," and the fact that steam generator tube 
degradations have been linked to variable PWR secondary water chemistry controls,840 it appears 
reasonable to equate the adequacy of the steam generator secondary water chemistry 
environment to conditions that may also enhance SCC in the steam generator vessel shells.  
 
Inferences from Materials Testing: A considerable amount of materials research and testing has 
been performed on the SA-508 and SA-533 reactor vessel materials and has resulted in the 
publication of several documents: NUREG/CP-0058,851 Vol. 4; NUREG/CP-0044,852 Vol. 1 (pp. 7, 
91, 141, 179); NUREG/CP-0044,852 Vol. 2 (pp. 27, 91); Reference 853; and NUREG/CR-4121.854 
 
The research and testing were performed in typical PWR and BWR reactor water chemistries. 
The research results also included comparisons with the ASME Section XI air and water fault 
lines. Based on the existing research results, the following generalizations appear appropriate for 
these materials:  
 
(1) There is a trend toward increased crack growth rate with higher material sulfur content.  
 
(2) A higher dissolved oxygen content results in higher initial crack growth rate, but the crack 

growth rate is stifled with crack depth such that after an initial period of crack growth rate 
the effects of the bulk solution dissolved oxygen content diminishes.  Therefore, there is 
little difference in the effective crack growth rates of these materials in BWR and PWR 
reactor water chemistries.  

 
(3) The crack growth rates for reactor pressure vessel materials are within, or consistent with, 

the ASME Section XI surface (wet) fault lines.  
 
The most significant effect observed was the high/low sulfur content (material variability), and not 
the oxygen content (environmental variability). The aqueous solutions used in the referenced 
research did not contain copper in solution, but some tests did contain small amounts of chlorine 
in solution.  
 
The only research test results obtained for the SA-302 Grade B base material and associated 
weld material are reported in NUREG/CR-3281844 and NUREG/CR-3614.845 These results were 
discussed in the earlier IP-3 comparisons.  
 
Based on the above discussions, the differences in the dissolved oxygen contents for the BWR 
and PWR reactor water chemistries are estimated to have little or no effect on the probability of 
increased crack growth rates for the reactor pressure vessels. Only limited information was 
available for the (SA-302 Grade B) pressure vessel material. In the presence of the simulated and 
degraded PWR secondary water chemistry, the SA-302 material may be susceptible to some form 
of accelerated corrosion attack.  
 
Frequency/Consequence Estimate 
 
BWR Reactor Pressure Vessel Rupture Frequency Estimate: A nominal base case pressure 
vessel rupture frequency of 10-7/RY is assumed reasonable for the BWR reactor vessels.16 In 
consideration of (1) research results of the reactor vessels materials in their respective reactor 
water chemistry environments, the vessel materials crack growth rates are within the ASME code 
limits, (2) the protective corrosion shield provided by the cladding on the inside surface of the 
reactor vessels, and (3) the BWR reactor water chemistry requirements described earlier, no 
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significant increase in the BWR reactor vessel rupture frequency from SCC is anticipated. 
However, to provide a coarse estimate, it is assumed that a 25% increase in the BWR reactor 
vessel rupture frequency can be attributed to SCC. This potential increase in BWR reactor vessel 
rupture frequency is based on the percentage of stainless steel pipe ruptures attributed to SCC 
reported in NUREG-1061,611 Volume 1. Because of the observed prominence of SSC in stainless 
steel pipes, it seems unlikely that the percentage of reactor pressure vessel ruptures due to SCC 
would exceed 25% of the total vessel rupture frequency without prior history of this condition. The 
change in BWR reactor pressure vessel rupture frequency that may be attributed to SCC is 
therefore estimated to be 2.5 x 10-8/RY.  
 
BWR Consequence Estimate: Assuming that SCC provides a potential change in the BWR 
reactor vessel rupture frequency (2.5 x 10-8/RY), the probabilities of radioactive releases in BWR 
categories 2 and 3, as described in WASH-1400,16 are 0.1 and 0.9, respectively. Assuming a 
1120 MWe BWR, meteorology typical of the Braidwood site, and a surrounding uniform population 
density of 340 persons per square mile, the public radioactive risk within a 50-mile radius is 0.113 
man-rem/RY. Considering a remaining reactor life of approximately 30 years, the public risk is 3.5 
man-rem/reactor. 
 
PWR Frequency and Consequence Analyses: A leak or rupture of a single steam generator would 
likely produce a rapid cooldown of the reactor similar to an inadvertent full-opening of the turbine 
bypass valves or a main steam line break.16 The containments are capable of sustaining a 
complete blowdown of a steam generator. Therefore, rupture of a single steam generator with no 
additional failures has no significant risk to the public from core-melt or radioactive releases 
through containment failures. The plant operations and operation responses to such an event are 
assumed similar to those described in Issue A-22 for a steamline break inside containment. In 
addition, subsequent and detailed staff evaluations on PWR responses to MSLB with concurrent 
SGTRs and SBLOCAs were reported in NUREG-0937860 which concluded that a MSLB inside 
containment (similar to a steam generator rupture) would likely be bounded by the FSAR analyses 
and not result in a core-melt.  
 
For a steam generator rupture to lead to a significant release (core-melt), the rupture must be 
accompanied by damage to the RCS and failure of the ECCS, or failure of the AFWS and the 
ECCS. The following sections will address these PWR systemic events. 
 
PWR Steam Generator Rupture (SGR) Frequency Estimate: WASH-140016 estimated that the 
SGR frequency was similar to the RPV rupture frequency (10-7/year). Considering approximately 
3 steam generators per reactor, the base case SGR frequency is 3 x 10-7/RY.  
 
To assess the potential increase in SRG frequency as a result of accelerated SCC or CF from 
PWR secondary water chemistry variability between plants, we reason the following: (1) plants 
with clean secondary water chemistry will have an SGR frequency equal to the above base case 
rupture frequency (3 x 10-7/RY), (2) plants that have experienced medium degradations of the 
steam generator tubes will have an SGR frequency one order of magnitude greater (3 x 10-6/RY) 
than the base case, (3) plants that have experienced severe degradations of the steam generator 
tubes will have an SGR frequency two orders of magnitude (3 x 10-5/RY) greater than the base 
case rupture frequency of 3 x 10-7/RY.  
 
The above SGR frequency (3 x 10-5/RY) is back-calculated to estimate the number of steam 
generator leaks that have occurred by using the piping leak-before-break ratio of 20.16 The 
predicted number of leaks based on the above reasoning is (3 x 10-5/RY)(500 RY)(20) ~ 0.3. 
Likewise, if we estimate that steam generator ISI has a 10% chance of not detecting cracks in the 
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steam generators before they develop into leaks, 3 steam generators with cracks could be 
expected. Compared to the 7 steam generators where cracking has been detected, the above 
crude estimates are fairly good, but a better correlation with leaks and cracks would be obtained 
from an SGR frequency of 10-4/RY. For comparative purposes, the probability of a MSLB is also 
10-4/RY. 
 
Alternately noting that no rupture has occurred in 1500 steam generator years (500 RY) and 
ignoring the current steam generator ISI experiences for leak-to-crack detection (1/7) and leak-
before-break experiences in U.S. and foreign plants (2 leaks with no ruptures), we would estimate 
an SGR frequency of 10-3/RY.  The SGR frequency of 10-3/RY therefore represents a bounding 
but prudent estimate. Ignoring the ISI crack detection capability and leak-before-break 
experiences appears prudent because of the uncertainties in estimating these early warning 
indicators. As an example of the conservatism of ignoring the crack detection capability, a very 
conservative staff fracture mechanics analysis839 estimated that a catastrophic rupture of the 
steam generator would only be predicted to occur from a complete circumferential crack (360E), 
with a crack depth approaching one-half the vessel wall thickness. A crack of this magnitude 
seems very likely to be detectable. Therefore, the SGR frequency may range from a best estimate 
value of 10-4/RY to an upper bound estimate of 10-3/RY.  
 
PWR Steam Generator Support (SGS) Failure and LOCA Frequencies: If cracks develop in the 
steam generator vessel shells, it was independently judged16,859 that the steam generator would 
likely leak before rupture. The SGR event would therefore most likely be bounded by the MSLB 
event previously discussed. However, should a catastrophic SGR occur, the steam generator 
reaction loading to the SGS structure is highly uncertain. In recognition of this, we will assume the 
conditional failure probability of 0.5 for the SGS (SGS/SGR). The SGS/SGR = 0.5 infers that the 
SGS is as likely to fail as not to fail. Given failure of the SGS, we assume the conditional 
probability of a large break LOCA (LBLOCA), given a SGS failure, is 1. 
 
PWR Core-Melt Frequencies: The systemic events that are assumed to lead to core-melt 
conditions as a result of a catastrophic SGR are: (1) damage to the RCS (LBLOCA), and (2) 
failure of the ECCS in the unaffected loops, or failure of the AFWS and the ECCS in the 
unaffected loops. The estimated upper bound core-melt frequencies for these sequences are as 
follows:  
 
 
Failure Event Frequency/RY
SGR 10-3 
SGS/SGR 5 x 10-1 
LBLOCA/SGS 1 
ECCS Failure 10-2 
  = 5 x 10-6 
Failure Event Frequency/RY
SGR 10-3 
AFWS Failure 4 x 10-5 
ECCS Failure 10-2 
  = 4 x 10-10 (negligible)
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PWR Containment Failure Matrix: Containment response to a core-melt accident from the above 
LBLOCA/SGR can be grouped into separate plant damage states (PDS). The PDS depends on: (1) 
the availability of equipment or systems to reduce containment temperature and pressure; and/or 
(2) containment bypass or failure to isolate containment. The PDS descriptions and probabilities 
resulting from the LBLOCA/SGR are as follows:  
 
 
 

Plant Damage State (PDS)
PDS Description Probability 
A No containment heat removal or containment sprays 10-3 (Reference 16) 
B Containment heat removal and containment sprays 

available 
0.998 10-3

V/B Given B, but containment bypass through failed 
MSIVs in ruptured steam generator steam line

(Reference 681) 

 
 
 
The containment failure modes are similar to those used in WASH-1400.16 The conditional 
probability of the containment failure mode for each PDS is shown in the table below: 
 
 
 
 

Conditional Containment Failure Modea

PDS 
  4 5 V 

A 10-2 0.96 10-2 - - 
B 10-2 - - 10-2 - 
V/B - - - - 10-3 
 
 
 a - α, δ, β, V are the containment failure mode conditional probabilities for missile 

damage, overpressurization, failure to isolate, and bypass, respectively. 
 
 
The probability of an α failure mode (α = 10-2) from an SGR refers to direct containment failure by 
missile penetration. For a LBLOCA-induced core-melt, the in-reactor-vessel steam explosion has 
a probability of 10-4 to produce a missile that breaches containment. For purposes of this 
analysis, the α failure mode probability from missiles generated by the SGR is assumed to be 
100 times greater than that from an in-reactor-vessel steam explosion. Therefore, even through 
an in-reactor-vessel steam explosion is likely to occur from a core-melt, its contribution to 
containment failure is negligible. The corresponding WASH-140016 α release category is a 
Category 1 release due to the containment failure from a missile generated by the SGR.  
 



 Revision 2 

September 30, 2011 3.111-9 NUREG-0933 

Steam produced from the SGR by reactor molten fuel (core-melt) and water in the reactor cavity 
can fail the containment by overpressurization (δ). This would occur only when containment 
cooling is lost.16,860 The probability of overpressurization due to hydrogen burn is assumed 
negligible because the steam concentration in containment will tend to suppress hydrogen burn 
propagation. The probabilities of the δ mode failures for PDS A and B are assumed to be 0.96 
and zero, respectively. The corresponding WASH-140016 release for PDS A and B are Category 
2 and Category 3, respectively. 
 
Failure to isolate containment (β failure mode) is assumed to have a probability of 0.01. The β4 
mode is with containment sprays unavailable and the β5 mode is with containment sprays 
available. The corresponding WASH-140016 release categories for β4 and β5 are Category 4 
and Category 5, respectively. The "V" failure mode probability681  of 0.001 represent containment 
bypass through the ruptured steam lines in the affected loop with the MSIVs failed open. The 
conditional PDS = V/B assumes containment sprays are available and the corresponding 
WASH-140016 release category is a Category 3 release.  
 
The basemat melt-through failure mode is a relatively benign failure mode and, with the most 
likely case of the containment sprays being available, we assume basemat melt-through is 
precluded.  
 
The LBLOCA assumed to be induced by the SGR may also be accompanied by SGTRs in the 
affected loop.  However, the conditional SGTRs would be dominated by the probability and 
consequences of the LBLOCA sequences.  
 
PWR Risk Consequences: The PWR risk consequences for a core-melt frequency (5 x 10-6/RY) 
resulting from a SGR-induced LBLOCA is 0.4 man-rem/RY. Over a remaining plant life of 30 
years, the public risk is 12 man-rem/reactor. The tabulations of the calculated public risk 
parameters are:  
 
 

Public Risk Parameters
WASH-140016 
Release 
Category  

Containment 
Failure Mode  

Release 
Frequency 
(RY)-1 

Conditional 
Dose/Release (man-
rem)

Public Risk 
(man-
rem/RY)

1 
 

5 x 10-8 5.4 x 106 0.3 
2 

 

5 x 10-9 4.8 x 106 0.02 
3 V 5 x 10-9 5.4 x 106 0.03 
4 4 5 x 10-11 2.7 x 106 - 

5 5 5 x 10-8 1.0 x 106 0.05 

Total - 1 x 10-7 - 0.4 
 
 
  
The release categories and corresponding containment failure modes are described 
in the Containment Matrix Section above. The release frequencies (Column 3) are the products 
of the core-melt frequency (5 x 10-6/RY) and the summed products of the PDS and the 
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conditional containment failure mode probabilities for each PDS provided in the Containment 
Matrix Section above. The conditional dose (Column 4) is the man-rem per release for each 
release category. These release doses are based on the fission product inventory of a 1120 
MWe PWR, meteorology typical of the Byron site, and a surrounding uniform population density 
of 340 persons per square mile over a 50-mile radius from the plant site, with an exclusion radius 
of one-half mile from the plant. 
 
Cost Estimate 
 
Based on discussions with RES, this issue could be incorporated at no additional cost into the 
long-term research plan which has not been finalized. A near-term effort would involve an initial 
expenditure of NRC research funds ($265,000).  Depending on the outcome of the research 
results, additional NRC and industry funds may be needed to develop a solution(s). Because of 
the small risk, no other costs were estimated.  
 
The industry has a significant economic incentive to repair surface cracks in their steam 
generators, before they develop into through-wall cracks. As an example, repair of steam 
generator surface cracks at the Surry plant involved removal by grinding (repair welding was not 
necessary) estimated by MTEB to cost approximately $1M. At IP-3 where a small through-wall 
crack developed in one steam generator, the repairs involved grinding and weld repairs. MTEB 
estimated the costs to IP-3 was approximately $8M. In neither of these cases were the plants 
required to go into forced outage situations. However, should a plant be placed into a forced 
outage situation as a result of through-wall cracks in the steam generators, the average 
replacement power costs of approximately $500,000/day, in addition to the repair costs, would 
likely result in costs well in excess of $8M. 
 
Other Considerations 
 
A comparison843 was made of the plants reported by W as having been inspected for indications 
similar to the IP-3 flaw with plants that have experienced severe steam generator tube 
degradation histories.840 The comparison indicated that, in general, the plants inspected were not 
plants with histories of severe steam generator tube degradations. Subsequent inspections of 
the replaced Surry Unit 2 steam generators have revealed intermittent cracks up to 1/4 in. 
deep.856 The cracks were in the transition region that was part of the original steam generator. 
The transition cone wall thickness in this area is 3.4 inches and is required by design to be at 
least 2 inches. Because these indications were in the original part of the transition cone, the 
affected material was exposed to the same poor secondary water chemistry discussed earlier. 
The cracking of three Surry 2 steam generator shells occurred at the same joint as the four 
Indian Point 3 steam generator shells. The inspections of the joints have predominantly been by 
UT methods from the outside of the shell. As experienced in some of the BWR stainless steel 
piping inspections for SCC, the UT indications were incorrectly ascribed to geometric 
configuration. In this regard, IE Information Notice No. 85-65858 has informed the industry of the 
events at IP-3 and Surry and the experience with UT versus magnetic particle examinations 
related to crack detection in the steam generators. Therefore, subsequent ISI testing of the SGS 
should be more reliable and thereby further reduce the chance of an SGR. 
 
Conclusion 
 
Based on limited operating experience (one steam generator leak in U.S. domestic plants and 
one steam generator leak in foreign plants) and expert opinion,859 steam generator outer shells 
are more likely to leak than to catastrophically rupture. A significant leak in a steam generator 
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outer shell would be expected to result in plant responses comparable to a transient induced by 
the inadvertent full-opening of the turbine bypass valves. A larger steam generator leak (small 
rupture) is expected to be bounded by the MSLB with concurrent SGTRs and SBLOCA as 
evaluated in NUREG-0937.860 The detailed analyses860 determined that such an event would not 
result in a core-melt accident.  
 
To further bound the probability and consequences of this issue, we have ignored the steam 
generator crack detection experiences and steam generator leak experiences (that essentially 
have provided defense-in-depth mitigations to severe steam generator ruptures) and assumed a 
catastrophic SGR probability of 10-3/RY that leads to a LBLOCA (failure of primary piping loop). 
Based on this scenario as a bounding analysis, the public risk from an SGR was estimated to be 
12 man-rem/PWR. Therefore, the risk reduction potential (3.5 man-rem/BWR plant, 12 man-
rem/PWR plant) indicates that this issue is of low safety significance to the public. 
 
The quantified values used in this evaluation contain a number of unquantified uncertainties. 
However, to the extent judged reasonable, the bounding values are believed to be biased in 
conservative directions. Thus, these estimates are more sensitivity studies than absolute 
quantifications and, therefore, only represent the potential safety significance of this issue 
relative to other issues. 
 
We have also considered other concerns raised by MTEB.857 "The experience at two plants (IP-3 
and Surry 2) of the material failure mechanism that was not addressed in the original design (and 
raised doubt whether GDC 4 is being met) requires a response by the staff. The research effort 
promised in the future would be too late to address licensing concerns now, especially for 
operating plants. Active consideration should be given to placing a higher priority on research 
efforts to enhance our understanding in order to provide a meaningful, timely response." 
However, MTEB also concluded857 that this issue only provides a minimal risk to the public 
health and safety in terms of the contribution to core-melt probability.  
 
Based on (1) the low public risk for this issue, (2) the MTEB expert opinion that steam generator 
leaks are more likely than SGRs859 (currently supported by the IP-3 and Garigliano experiences), 
(3) existing staff recommendations to the industry to implement improved secondary water 
chemistry programs,850 (4) the OIE Information Notice858 that should promote more reliable 
steam generator inspections, and (5) the industry economic incentive for resolution, this issue 
has minimal public risk that will be even further reduced by implementation of the above actions. 
 
However, the MTEB concerns related to the need for a better understanding of the materials 
cracking phenomenon, potential licensing position(s) related to meeting the original licensing 
design bases, and whether or not the GDC are met, are considered licensing concerns. 
Therefore, based on the above evaluations, staff actions already taken, and the above 
discussions, this issue was classified as a Licensing Issue.  
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ISSUE 119: PIPING REVIEW COMMITTEE RECOMMENDATIONS 

 
 
In an August 1983 memorandum,834 the EDO requested a comprehensive review of NRC 
requirements in the area of nuclear power plant piping. In response to this request, the NRC 
Piping Review Committee (PRC) was formed to review and evaluate existing regulatory 
requirements to: (1) provide recommendations on where and how the NRC should modify 
requirements; and (2) identify areas requiring further action. The scope of the PRC review 
covered piping in safety-related systems and high energy lines important to safety in new and 
operating plants. With respect to postulated pipe breaks, the scope covered all high energy 
lines. 
 
An NRC steering committee consisting of members from RES, NRR, OIE, and ELD was formed 
to review and develop a plan for implementing the changes recommended in the PRC report.611 
The steering committee agreed to focus its attention on the recommended research and 
regulatory changes designated in the PRC report611 as Category A (high priority) 
recommendations. The PRC-recommended research and regulatory changes were restructured 
by the steering committee (combining of research and regulatory recommendations) to form 9 
tasks to be addressed by the NRC implementation plan,835 5 of which are addressed below. 
These 5 tasks consist primarily of NRR regulatory actions and some closely-related research 
efforts. The remaining 4 tasks of the NRC implementation plan related only to research activities 
and were excluded from this issue. 
 
The five parts of this issue primarily involve revisions to Regulatory Guides and the SRP.11 No 
significant change in public safety was expected to result from resolution of this issue; however, 
resolution of the various tasks was expected to result in less complex and more realistic 
approaches to piping design and operation in nuclear power plants. The results were expected 
to yield more efficient regulatory practices, improve plant piping systems design, increase plant 
reliability, and decrease ORE associated with inspections and repairs. The NRC steering 
committee agreed that, based on the information provided in NUREG-1061,611 this work should 
continue on a schedule consistent with high-priority issues. Therefore, this issue was classified 
as a Regulatory Impact issue. RES took the lead responsibility for resolution of this issue with 
assistance from other NRC Offices.835 The following is an evaluation of the 5 parts of this issue. 
 
 
ITEM 119.1: PIPING RUPTURE REQUIREMENTS AND DECOUPLING OF SEISMIC 
AND LOCA LOADS 
 
Description 
 
This task combined two PRC Category A regulatory recommendations with one PRC Category 
A research recommendation. The designations of the three PRC recommendations were: (1) 
leak-before-break (A-1); (2) decoupling of seismic and LOCA loads (A-5); and (3) completing 
research on decoupling (A-4). 
 
One part of the task involved rulemaking changes to GDC-4 in Appendix A of 10 CFR 50 to 
redefine the need to consider the dynamic effects of pipe breaks. A proposed rule to modify 
GDC 4 was published1087 in July 1985 and codified leakbefore-break technology, but was limited 
only to the primary loop piping of PWRs; the final rule was published1340 in April 1986. A 
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proposed broad scope rule dealing with all high energy piping in LWRs was published1341 in July 
1986; the final rule was published1342 in October 1987. With the issuance of these revised rules, 
revisions to SRP11 Sections 3.6.1 and 3.6.2 were needed to eliminate the postulation of arbitrary 
intermediate breaks. The second part of this task involved relaxation of the requirement to 
consider LOCA and seismic loads simultaneously. A revision to SRP11 Section 3.9.3 was to be 
pursued to decouple seismic and pipe rupture loads in the mechanical design of components 
and their supports. 
 
The existing GDC-4 requirement and SRP11 Section 3.6.2 pertaining to postulated 
double-ended guillotine breaks (DEGB) of the largest pipes and postulated arbitrary 
intermediate pipe breaks needed to be changed to include more realistic criteria and to allow 
consideration and acceptance of validated analysis methods. The requirements of GDC-4 led to 
a situation where protective devices were added to forestall events that are extremely unlikely. 
These protective devices that were designed for the extremely unlikely events could, however, 
reduce safety and increase worker radiation exposure under normal operations and design 
basis events. 
 
SRP11 Section 3.9.3 requires that piping systems and associated components be designed for 
the combined effects of an SSE and a LOCA. The evolution of seismic design requirements and 
the calculations of pipe rupture loads have significantly increased the resultant loads obtained 
by combining these effects. However, field evaluations of piping at conventional power plants 
and petrochemical facilities indicated that ruptures in piping of the type found in nuclear power 
plants do not occur during severe earthquakes. Therefore, the staff believed that relaxation of 
these requirements at all LWRs would not affect plant or public safety. 
 
Conclusion 
 
This task was classified as a Regulatory Impact issue that resulted in revisions1343,1344 to SRP11 
Sections 3.6.1 and 3.6.2. In addition, Generic Letter No. 87-111345 was issued to licensees on 
the relaxation in arbitrary intermediate pipe rupture requirements (SRP Section 3.6.2). In 1986, 
the staff terminated1345 all work on a proposed revision to SRP11 Section 3.9.3. Thus, this issue 
was resolved. 
 
 
ITEM 119.2: PIPING DAMPING VALUES 
 
Description 
 
Historical Background 
 
This task combined PRC regulatory recommendation A-2 (modify seismic damping values used 
in seismic designs) and PRC research recommendation B-3 (complete research on damping 
tests). It constituted a two-level approach that could affect all LWRs: a short-term plan and a 
long-term plan. The short-term action called for a revision to Regulatory Guide 1.841347 as the 
vehicle for NRC endorsement of ASME Code Case N-411. The long-term action called for 
revisions to Regulatory Guide 1.611348 and SRP11 Section 3.9.2 to incorporate, not only ASME 
Code Case N-411, but also new positions on pipe damping for high-frequency loads and for 
time-history analyses. 
 
The short-term endorsement of the ASME Code Case N-411 was to be restricted to seismic 
response analysis, but not time-history analysis. The long-term action was to result in extensive 
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changes to SRP11 Section 3.9.2 and Regulatory Guide 1.611348 to provide more comprehensive 
guidance on pipe damping for both seismic and BWR hydrodynamic loadings. Criteria for other 
non-seismic dynamic loads could also be addressed in the SRP11 Section 3.9.2 revision. 
 
In general, dynamic piping response could be more accurately predicted if use was made of 
higher piping damping values than those identified in the existing regulatory guide. The use of 
higher damping values would result in nuclear plant piping systems having significantly less 
snubbers and supports and an overall better balance of design, considering all piping loads. A 
decrease in the number of snubbers and supports could allow better inspection of equipment 
and components at significantly reduced ORE. 
 
Conclusion 
 
The staff originally planned to take the lead in developing improved pipe damping values and 
classified the task as a Regulatory Impact issue. However, with the cooperative effort of EPRI, 
ASME, and the NRC in pursuing the concern, the staff concluded that the most effective 
approach to the use of more realistic damping values for dynamic piping analysis was through 
ASME III, Appendix N. When this appendix is completed, the staff will make a decision on its 
endorsement. As a result, the issue was dropped from further pursuit.1336 
 
 
ITEM 119.3: DECOUPLING THE OBE FROM THE SSE 
 
Description 
 
This task corresponds to PRC regulatory recommendation A-3 (decouple OBE from SSE). 10 
CFR 100, Appendix A, Section V(a)(2), stipulates that "(t)he maximum vibratory ground 
acceleration of the OBE shall be at least one-half the maximum vibratory ground acceleration of 
the SSE." Therefore, the existing requirement implies the coupling of the two earthquake design 
levels: SSE and OBE. In developing the existing regulations, it was assumed that the SSE 
would control the design in nearly all aspects and that the OBE would serve as a separate 
check of those systems where continued operation was desired at a lower level of ground 
motion. However, in practice, the assumed load factors, damping, stress levels, and service 
limits have caused the OBE, rather than the SSE, to control the design for many systems 
including concrete and steel structures and nuclear piping. In addition, seismic design for OBE 
accounts for certain safety-related factors such as fatigue and seismic anchor movement that 
are not considered in the design for the SSE. 
 
Decoupling of the OBE from the SSE or modification of the associated load factors, etc., would 
impact the design of new plants and would extend well beyond piping considerations. The 
actions required to resolve this task include: (1) rulemaking to amend and revise Appendix A to 
10 CFR 100 to permit decoupling of the OBE and SSE and to incorporate the use of 
probabilistic methodology in earthquake design; (2) revising and developing Regulatory Guides; 
(3) updating pertinent sections of the SRP11; and (4) advising various industry code committees 
to revise appropriate codes and guides to reflect changes in the regulations. 
 
A complete listing of the Regulatory Guides and SRP Sections that may be affected by this task 
were to be identified during the review phase of this task and the related tasks contained in the 
NRC implementation plan835 which is of much broader scope. 
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There is no technical basis for coupling the OBE with the SSE. Designing the piping systems to 
the SSE is the primary means of ensuring safety. Additional margin is provided by specifying the 
OBE and thus the level at which inspections will be required before continued operation would 
be permitted. The more realistic approach of using specific probabilities (return periods) for OBE 
and the decoupling of the OBE levels and frequencies from those of the SSE will allow 
assurance of public safety to be placed on a more rational basis. 
 
Conclusion 
 
This item is a Regulatory Impact issue that was integrated775 by RES into a revision to 10 CFR 
100, Appendix A. 
 
 
ITEM 119.4: BWR PIPING MATERIALS 
 
Description 
 
This task corresponds to PRC regulatory recommendation A-4 to replace regular grade 316SS 
and 304SS materials in BWR recirculation piping with an alloy resistant to IGSCC. The NRR 
action related to this task involved preparation of Revision 2 to NUREG-0313750 and evaluation 
of each licensee's actions in compliance with this revision. 
 
IGSCC in BWR piping has occurred in a range of piping sizes over the last 25 years and has 
resulted in major reactor outages. The risk studies reported611 indicate that pipe failures, even 
assuming the higher rates due to IGSCC, would not be a major contributor to core-melt and 
public risk. However, use of materials more resistant to IGSCC should significantly reduce 
levels of ISI and reactor outage times. Therefore, plant outages and recurring ORE could be 
significantly reduced by resolution of this task. 
 
Conclusion 
 
This item is a Regulatory Impact issue that required1506 updating of Regulatory Guide 1.441507 by 
RES to reflect the staff's findings in NUREG-0313,750 Revision 2, as recommended925 by NRR.  
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM 119.5: LEAK DETECTION REQUIREMENTS 
 
Description 
 
This task corresponds to PRC regulatory recommendation A-6 (leak detection requirements). To 
accomplish this task, additional data are necessary to further validate and improve existing 
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leak-rate prediction analyses. Of particular interest would be investigation and improvement of 
local leak detection systems such as acoustic emission monitors or moisture-sensitive tapes. 
These latter techniques may be important for establishing the validity of leak-before-break at 
specific locations in certain piping systems. The task requires a combination of two approaches: 
(1) the surveying of operating plants to determine the adequacy of existing leak detection 
systems; and (2) completion of the research recommended by the PRC and applying the results 
of the research to regulatory requirements. Subsequent to the completion of key elements of the 
research effort, the regulatory actions may include the following: 
 
(1) Identify required TS changes such as: (a) unidentified leakage limits for BWRs 

and PWRs in the context of locating and detecting leakage from cracks with 
margin; (b) adequacy of surveillance requirements and calibration of systems; (c) 
alarms; (d) TS consistency; (e) new systems or different detection system 
combinations; and (f) forward-fit and backfit considerations. 

 
(2) Revise SRP11 Section 5.2.5 and Regulatory Guide 1.45.603 
 
(3) Issue NUREG-0313,750 Revision 2. 
 
It was believed that resolution of this task could affect all LWRs to varying degrees. 
 
No direct safety significance could be attributed to this task. However, knowledge of the leak 
rates associated with various postulated through-wall crack lengths and confidence in the ability 
to detect leakage in a timely manner are important elements of the leak-before-break concept 
that eliminates the postulated DEGB. 
 
Conclusion 
 
This item is a Regulatory Impact issue.  As a part of the improvements to NUREG-0933, the 
NRC staff clarified in SECY-11-0101, “Summary of Activities Related to Generic Issues 
Program,” dated July 26, 2011,1967 that the Generic Issues Program will not pursue any further 
actions toward resolution of licensing and regulatory impact issues. Because licensing and 
regulatory impact issues are not safety issues by the classification guidance in the legacy 
Generic Issues Program, these issues do not meet at least one of the Generic Issues Program 
screening criteria and do not warrant further processing in accordance with Management 
Directive 6.4, “Generic Issues Program,” dated November 17, 2009.1858 Therefore, this issue will 
not be pursued any further in the Generic Issues Program. 
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ISSUE 127: MAINTENANCE AND TESTING OF MANUAL VALVES IN 

SAFETY-RELATED SYSTEMS 
 
Description 
 
Historical Background 
 
This issue was identified in the U.S. Nuclear Regulatory Commission (NRC) incident 
investigation team (IIT) report on the loss of integrated control system (ICS) power event at 
Rancho Seco Nuclear Generating Station (Rancho Seco) on December 26, 1985 
(NUREG-1195, “Loss of Integrated Control System Power and Overcooling Transient at Rancho 
Seco on December 26, 1985,” issued February 1986).1006 Following the event, it was requested 
that the adequacy of the maintenance program for manual valves be prioritized as a generic 
issue.1007 In addition, an information notice1008 was drafted by the staff and was later issued as 
IE Information Notice 86-61, “Failure of Auxiliary Feedwater Manual Isolation Valve,”1010 on 
July 28, 1986.  
 
Safety Significance 
 
In the Rancho Seco event, when power was lost to the ICS, the plant responded as designed— 
the auxiliary feedwater (AFW) ICS flow control valves as well as other valves went to the 
50-percent open position. However, AFW flow was excessive and an unsuccessful attempt was 
made to manually close the flow control valve to the “A” once-through steam generator. The 
operator then attempted to close the manual isolation valve and failed to do so because the 
valve was frozen in the open position and could not be moved even when a valve wrench was 
used. Consequently, the inability to reduce AFW flow resulted in an overcooling event. The IIT 
found that the failure of the AFW manual isolation valve was the result of a lack of preventive 
maintenance (including lubrication) on this valve during the entire operational life of the plant 
(about 10 to 12 years). 
 
The manual isolation valve is a locked-open valve located in the AFW discharge header to the 
“A” once-through steam generator. During the IIT investigation, a Sacramento Municipal Utility 
District (SMUD) representative stated that the entire AFW system, which would include this 
manual isolation valve, is safety-related. However, from other discussions with SMUD 
personnel, it appeared that this valve was only intended to be used to isolate the AFW (ICS) 
flow control valve for maintenance. The valve is categorized as an American Society of 
Mechanical Engineers (ASME) Category E valve (i.e., it is normally locked open to fulfill its 
function). The 1974 edition of the ASME Boiler and Pressure Vessel Code (ASME Code), 
Section XI, requires no regular testing of Category E valves. The position of the valves is merely 
recorded to verify that each valve is locked or sealed in its correct position. The current edition 
of the ASME Code, Section XI, no longer includes a Category E for valves. 
 
Following the incident, it was found that licensees did not have a regular maintenance program 
that applies to every manual valve. The NRC did not have a requirement for maintenance and 
testing of convenience valves such as the locked-open manual valve involved in the Rancho 
Seco incident. The ASME Code, Section XI, specifies inservice inspection, testing, repair, and 
replacement of valves that are components in systems classified as ASME Classes 1, 2, and 3 
and are required to perform a specific function in shutting down a reactor to a cold shutdown 
condition or in mitigating the consequences of an accident. Manual valves in safety-related 
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systems that are classified as Quality Group A, B, or C in conformance with Regulatory 
Guide 1.26, “Quality Group Classifications and Standards for Water-, Steam-, and 
Radioactive-Waste-Containing Components of Nuclear Power Plants,”233 are constructed to 
ASME Code, Section III, Classes 1, 2, or 3 or to earlier codes and standards, as appropriate. 
These manual valves may be fill, vent, drain, or convenience valves and are constructed to the 
same code class as the system, or part of a system, of which they are a part. Such valves are 
not included in the inservice testing (IST) program for valves that are in conformance with the 
ASME Code, Section XI, as noted above because they are not required to change position to 
perform a safety function. In the event that a manual valve is required to change position to 
perform a safety function, it is included in the ASME Code, Section XI, IST program and 
classified as a safety-related valve.  
 
At the time, the NRC requirements for valve testing were contained in Title 10 of the Code of 
Federal Regulations (10 CFR) 50.55(a)(g,) which incorporates the ASME Code, Section XI. 
Therefore, regulatory requirements for valve testing extend only to valves that are within the IST 
program. The quality group (safety class) and construction code of each valve are verified, and 
the valve category is also verified for conformance with the ASME Code, Section XI, 
Subsection IWV-2000. In addition, the Office of Nuclear Reactor Regulation staff performed a 
completeness review to assure that all appropriate valves that are within the scope of the ASME 
Code, Section XI, were included in the IST program. The licensees are responsible for 
performing the testing, repair, and maintenance of the valves that are within their IST and 
maintenance programs. 
 
Possible Solutions 
 
The two possible solutions are (1) to develop or revise regulatory requirements relating to the 
inspection, testing, and maintenance of those fill, vent, drain, and convenience valves in 
safety-related systems that do not change position for the systems to perform their safety 
function, or (2) to identify this as an item for which the NRC has concern, notify the licensees by 
an information notice, and let them determine the maintenance practices they wish to 
implement. 
 
Priority Determination 
 
In December 1987, the staff assigned a LOW priority ranking to this issue because of the 
minimal estimated reduction in public risk resulting from the resolution of this issue. This section 
presents the NRC staff analysis for prioritizing this issue, which was published in 1995. This 
analysis, which includes frequency, consequence, and cost estimates and a value/impact 
assessment, has not been updated in the 2011 revision of this issue. 
 
Frequency/Consequence Estimate 
 
To determine the reduction in core-melt frequency that could result from improving the 
maintenance of manual valves, the Arkansas Nuclear One, Unit 1, Interim Reliability Evaluation 
Program (IREP) analysis was used.366 This plant risk study provides a very detailed list of the 
cutsets and component failures that could result in system unavailability. After a thorough 
review, no manual valve faults were found for which the mode of failure was the inability to close 
the valve. 
 
In retrospect, the absence of any identified failure modes concerning the inability to close a 
manual valve is not surprising; manual valves are, for the most part, installed to permit the 
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isolation of other components (i.e., pumps and motor-operated valves) to permit testing or 
maintenance without the necessity of shutting the plant down. Hence, they are generally not 
used for normal or planned emergency operations to control fluid flow. The principal modes of 
failure associated with manual valves that are identified in risk analyses are either the blockage 
of a valve or the failure to restore a valve to the open position after it was closed for test or 
maintenance. In general, most manual valves of the category being considered in this issue are 
locked in the open position to minimize the chances for inadvertent closure. 
 
Another reason for not finding the failure mode for manual valves in the IREP study366 is that 
credit was not given for unplanned recovery actions. Planned operations, as used in this report, 
include both normal and emergency operations that are directed by procedures. Hence, valve 
use as was attempted at Rancho Seco would be considered an unplanned recovery event. 
 
Last, the expected frequency of any identified cutsets in which the failure mode included the 
failure to close a manual valve may have been less than the selected cutoff or truncation value. 
Considering the failure combinations necessary to involve a manual valve, such may be the 
case. 
 
It should not be concluded that there is no contribution to core melt and risk by failures that 
prevent the closure of manual valves (as was the case in the Rancho Seco event) because of 
their absence from available risk studies or probabilistic risk assessments (PRAs). 
 
As is evident from the Rancho Seco event, the inability to close a manual isolation valve 
contributed in part to an overcooling event. However, it is probably justifiable to conclude that 
the inability to close a manual valve contributes only a small amount (i.e., less than 10-6) to core 
melt and hence to risk. Due to the lack of any identifiable failure or fault combinations in the 
PRAs, there is no practical basis on which to quantify in this limited analysis the contribution to 
core melt and risk resulting from these valve failures. 
 
Cost Estimate 
 
Industry Cost: Approximately 100 manual isolation valves of the ASME Class of the AFW 
manual isolation valves were identified by SMUD that did not receive periodic preventive 
maintenance. One valve manufacturer recommends lubrication checks at 6-month intervals and 
actuations (if only partial) on a monthly basis. It is estimated that 4 man-hours will be expended 
annually per valve performing preventive maintenance and actuation. Assuming that 100 valves 
are involved, 400 man-hours will be expended each year at each reactor maintaining this class 
of manual valves. At $35/hour for maintenance personnel,1009 the direct maintenance cost 
amounts to $14,000 per reactor-year (RY). In addition, assuming that 20 hours/RY of additional 
supervisory time at $45/hour will be directed toward added valve maintenance results in $900 of 
increased costs. Further, assuming an added $100 for additional administrative costs, the total 
cost for added valve maintenance will be $15,000/RY. Assuming a 30-year plant life and a 
5-percent discount rate, the lifetime plant costs associated with the added maintenance of 
manual valves would be approximately $230,000. 
 
NRC Cost: The NRC cost is estimated to be similar to that incurred in processing a multiplant 
action per NUREG-0737, “Clarification of TMI Action Plan Requirements,” issued 
November 198098: $6,000).1009 
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Value/Impact Assessment 
 
Due to the inability to ascertain the expected reduction in public risk, the staff did not calculate a 
value/impact score; however, the risk from this issue was judged to be very low.  
 
Other Considerations 
 
Due to the low costs associated with maintaining the manual isolation valves, it would appear to 
be cost effective for plant operators to maintain them as a good practice without a regulatory 
requirement. The power replacement cost for one day of plant outage that may result from the 
inability to isolate would pay the plant life costs for isolation valve maintenance. In view of this 
cost-saving potential, the release of the information notice may resolve this issue. 
 
Conclusion 
 
The NRC staff conducted a review of this issue in 2010 to determine whether any new 
information would necessitate reassessment of the original prioritization evaluation.1964 The staff 
determined that the existing regulations and guidance adequately address this issue and the 
operating experience has not indicated a change in the significance of this issue. The following 
discussion demonstrates the application of the NRC regulatory framework to this issue.  
 
As published in 1991, paragraphs (a) and (b) of the Maintenance Rule (10 CFR 50.65, 
“Requirements for Monitoring the Effectiveness of Maintenance at Nuclear Power Plants,” state 
the following:  
 

(a)(1) Each holder of an operating license for a nuclear power plant under this 
part and each holder of a combined license under part 52 of this chapter after the 
Commission makes the finding under § 52.103(g) of this chapter, shall monitor 
the performance or condition of structures, systems, or components, against 
licensee-established goals, in a manner sufficient to provide reasonable 
assurance that these structures, systems, and components, as defined in 
paragraph (b) of this section, are capable of fulfilling their intended functions. 
These goals shall be established commensurate with safety and, where practical, 
take into account industrywide operating experience. When the performance or 
condition of a structure, system, or component does not meet established goals, 
appropriate corrective action shall be taken. For a nuclear power plant for which 
the licensee has submitted the certifications specified in § 50.82(a)(1) or 
52.110(a)(1) of this chapter, as applicable, this section shall only apply to the 
extent that the licensee shall monitor the performance or condition of all 
structures, systems, or components associated with the storage, control, and 
maintenance of spent fuel in a safe condition, in a manner sufficient to provide 
reasonable assurance that these structures, systems, and components are 
capable of fulfilling their intended functions…. 
 
(b) The scope of the monitoring program specified in paragraph (a)(1) of this 
section shall include safety related and nonsafety related structures, systems, 
and components, as follows: 
 
(1) Safety-related structures, systems and components that are relied upon to 
remain functional during and following design basis events to ensure the integrity 
of the reactor coolant pressure boundary, the capability to shut down the reactor 
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and maintain it in a safe shutdown condition, or the capability to prevent or 
mitigate the consequences of accidents that could result in potential offsite 
exposure comparable to the guidelines in Sec. 50.34(a)(1), Sec. 50.67(b)(2), or 
Sec. 100.11 of this chapter, as applicable. 
 
(2) Nonsafety related structures, systems, or components: 
 
(i) That are relied upon to mitigate accidents or transients or are used in plant 
emergency operating procedures (EOPs); or 
 
(ii) Whose failure could prevent safety-related structures, systems, and 
components from fulfilling their safety-related function; or 
 
(iii) Whose failure could cause a reactor scram or actuation of a safety-related 
system. 

 
The regulations at 10 CFR 50.65(b)(2)(i) and (b)(2)(ii) address the event presented in this 
generic issue and, as demonstrated above with applicable operating experience, has addressed 
similar subsequent events. Moreover, the Standard Review Plan11 (NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition”) 
was revised in 2007 to include Section 17.6, “Maintenance Rule,” which outlines the criteria for 
evaluating licensee applications for the scope, monitoring, evaluation, and risk assessment and 
management of implementing 10 CFR 50.65, including Section III, 1.B, which outlines the 
criteria for including nonsafety-related structures, systems, and components (SSCs) in 
accordance with 10 CFR 50.65(b)(2). Criterion iii of this section applies directly to this generic 
issue, stating that the description of the maintenance rule scoping process should address the 
following: 
 

SSCs whose failure could prevent safety-related SSCs from fulfilling their 
safety-related functions in accordance with 50.65(b)(2)(ii). The applicant should 
describe how the process considers system interdependencies, including failure 
modes and effects of nonsafety-related SSCs (e.g., support systems) that could 
directly affect safety-related functions. 

 
Based on the review of the NRC’s regulations and guidance related to this issue, the staff 
concluded that existing regulations and guidance adequately address this issue. Therefore, the 
staff changed the status of Generic Issue 127 and DROPPED this issue from further pursuit.  
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ISSUE 155: GENERIC CONCERNS ARISING FROM TMI-2 CLEANUP 

 
 
The TMI-2 Safety Advisory Board was established to provide the licensee, General Public Utilities 
Nuclear Corporation, with a qualified, independent appraisal of the cleanup of TMI-2, with 
particular emphasis on the assurance of public and worker health and safety. As a result of this 
appraisal, seven recommendations1362 were forwarded to the NRC for evaluation. These 
recommendations were treated as separate generic issues as outlined below.  
 
 
ISSUE 155.1: MORE REALISTIC SOURCE TERM ASSUMPTIONS 
 
Description 
 
During the TMI-2 accident, fission products did not behave as predicted with the analytical 
methods and assumptions used in the licensing process at that time and delineated in Regulatory 
Guides 1.3213 and 1.4214 and TID-14844.73 The earliest expert predictions were that major core 
damage had occurred. However, the NRC and the licensee believed that core damage was 
minimal and calculations were redone to confirm this view. Approximately 50% of the core was in 
a molten state, but there is evidence that only about 55% of the highly volatile fission products and 
noble gases were released from the reactor vessel with a major portion retained in the reactor 
building. There is also evidence that less than 5% of the medium and low volatile fission products 
were released from the reactor vessel.1362 These observations were based on research conducted 
since the TMI-2 accident.  
 
It is now generally accepted that the chemical conditions in the reactor vessel were "reducing" in 
nature as opposed to "oxidizing." The elemental iodine was driven (or converted) to the iodide ion 
which very readily combined with available metallic ions. The water-soluble character of these 
chemical forms prevented a major release of iodine to the atmosphere of the containment or 
auxiliary buildings and only a few Curies were released to the environment. Throughout the TMI-2 
accident sequence, the chemical state was maintained such that the water-soluble character was 
preserved.  
 
With the completion of a large number of PRAs since the TMI-2 event, the Advisory Board 
believed that it should be possible to list accident sequences with chemical conditions similar to 
TMI-2. Such a listing could provide a guide as to which accidents might be regarded as 
hazardous, or less hazardous, relative to the possible escape of iodine and could be useful in the 
future design of safety features. Since some of the assumptions used for source term 
considerations at TMI-2 were flawed in this respect, the Board recommended that the source term 
be restated using current scientific knowledge.1362 
 
Conclusion 
 
At the time this issue was evaluated in February 1992, comprehensive revisions to 10 CFR Parts 
50 and 100 were being pursued by the staff to reflect a better understanding of accident source 
terms and severe accident insights, as well as evaluate the impact of these phenomena on plant 
engineered safety features. A replacement for TID-1484473 was being formulated, based on 
previous severe accident research findings, to reflect the existing understanding of fission product 
release timing, iodine chemistry, and source term magnitude and composition. Thus, a solution to 
this issue had been identified and the issue was considered nearly-resolved.  
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In resolving the issue, the staff issued NUREG-14651465 which provided more realistic estimates of 
the fission product source term release into containment, in terms of timing, nuclide types, 
quantities, and chemical form, given a severe core-melt accident. Thus, the issue was 
RESOLVED with new requirements for future plants.1530 In an RES evaluation,1564 it was 
concluded that consideration of a 20-year license renewal period would not affect the resolution. 
 
 
ISSUE 155.2: ESTABLISH LICENSING REQUIREMENTS FOR NON-OPERATING 
FACILITIES 
 
Description 
 
At the time the TMI-2 event occurred, 10 CFR 50 contained regulations primarily for the design, 
construction, and operation of nuclear facilities but did not provide adequate guidance for the 
post-accident condition. Much was learned while the unit was being defueled and prepared for the 
post-defueling, monitored storage phase. The decommissioning rule1364 issued in 1988 addressed 
the safe removal of nuclear facilities from service and the reduction of residual radioactivity to a 
level that permits release of the property for unrestricted use and termination of the operating 
license. The options for compliance with this rule are described in NUREG-0586173 and include 
DECON, SAFSTOR, and ENTOMB. Decommissioning activities do not include the removal and 
disposal of spent fuel; these are considered to be operational activities.  
 
Once a reactor is permanently shut down and defueled, it enters a storage phase until the 
licensee begins implementation of a decommissioning plan approved by the NRC. During the 
storage phase, requirements for security plans, operator licensing, emergency planning, etc., that 
were in effect while the plant was operational, may become unnecessary and burdensome to the 
licensee. Once all nuclear fuel is removed from the reactor site, the risk of an extraordinary 
accident, as defined in 10 CFR 50.54(w) and 10 CFR 140.11, is essentially eliminated. The Board 
recommended that regulatory guidance be developed for use by non-operating and defueled 
facilities during the storage phase prior to decommissioning.1362 
 
Conclusion 
 
This issue addressed changes in existing regulatory guidance that could significantly reduce 
licensee costs without any substantial change in public risk. Thus, it was classified as a 
Regulatory Impact issue. Staff stated in the Supplement to NUREG-0933 published in 1995 that 
revisions to 10 CFR 50.54(w) and 10 CFR 140.11(a)(4) might be necessary to address insurance 
coverage for non-operating and defueled facilities during the storage phase prior to 
decommissioning.1363  
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ISSUE 155.3: IMPROVE DESIGN REQUIREMENTS FOR NUCLEAR FACILITIES 
 
Description 
 
The Board recommended1362 that the NRC undertake an effort to evaluate lessons learned at TMI-
2 and incorporate them into the design of future nuclear plants. The recommendations suggested 
by the Board focused on recovery from a severe accident and were as follows: 
 
(1) Prohibit the use of cinder blocks inside the reactor building (because they absorb 

so much contamination and become a radiological hazard) or designing the facility 
to be "robot friendly." 

 
(2) Utilize higher range radiation instrumentation in order to monitor the environment 

inside the reactor building during a severe reactor accident. 
 
(3) Based on design criteria and clear evidence that the TMI-2 containment building 

was not challenged, a reduction in criteria might be prudent based upon actual 
accident conditions. The NRC had reviewed in some detail the capability of reactor 
containment structures to withstand accident environments, including significant 
pressure increases; a review of these studies might be helpful and may lead to a 
reduction in design criteria. A similar effort for reactor vessels has not been 
undertaken and should be, considering the condition of the lower head of the TMI-
2 reactor vessel with the severity of the accident. 

 
(4) TMI-2 has also demonstrated the need to provide access to the underside of a 

reactor vessel for remote inspections to determine the extent of possible damage 
in the aftermath of a severe reactor accident. The 52 instrument penetrations in the 
lower head of the  TMI-2 reactor vessel have been a concern since the discovery 
of once-molten material on the lower head of the reactor vessel and thus lower 
head integrity has been a major concern during the recovery efforts. For future 
reactor vessel design, it was recommended that in-core instrumentation penetrate 
the head instead of the bottom. 

 
Priority Determination 
 
The four concerns outlined in this issue were evaluated separately below: 
 
(1) In accordance with 10 CFR 50, Appendix I, nuclear power plants are required to 

keep occupational risk exposure (ORE) as low as is reasonably achievable 
(ALARA). Cinder blocks constitute one of the materials that are used inside the 
reactor building of some operating plants as local shielding to meet this ALARA 
criterion. Prohibiting the use of cinder blocks inside the reactor building would have 
no impact on public risk in the event of a severe accident. The use of other 
shielding materials that do not absorb as much contamination has the potential for 
decreasing the decontamination time (and ORE) following a severe accident.  

 
 Designing future nuclear plants to be robot-friendly will require spatial 

considerations for the mobility of robots that could drastically increase design, 
engineering, and construction costs.  However, as is the case above, the use of 



 Revision 3 

September 30, 2011 3.155-4 NUREG-0933 

robots would have no impact on public risk in the event of a severe accident; only 
occupational risk would be affected. 

 
 From NUREG/CR-2800,64 the occupational dose from cleanup, repair, and 

refurbishment following a severe accident was estimated to be 19,860 man-rem.  
Even assuming that 50% of this dose can be reduced with either the elimination of 
cinder blocks or the use of a robot for cleanup and assuming a core-melt frequency 
of 10-5/RY and an average remaining reactor life of 28 years, the potential dose 
reduction is approximately 3 man-rem/reactor. Thus, this concern had negligible 
risk reduction potential and consideration of costs would only lower its priority 
ranking. 

 
(2) The recommendation to utilize higher range radiation instrumentation in order to 

monitor the environment inside the reactor building during a severe accident was 
addressed by TMI Action Plan Item II.F.1. This item was clarified in NUREG-073798 
and required implementation at all plants. Thus, this concern was previously 
addressed by the staff. 

 
(3) For future plants, the Commission's Severe Accident Policy Statement established 

the criteria and procedural steps under which new designs for nuclear power plants 
could be acceptable for meeting severe accident concerns. Rather than a 
reduction of criteria, it is expected that future plants would have to achieve a higher 
standard of severe accident safety performance, including clarification of 
containment performance. The staff's plan of action in this area was presented to 
the Commission in SECY-92-292.1427 Operating plants were assessed under the 
Containment Performance Improvement Program (see Issue 157). 

 
 The mode of vessel failure, including investigation of the TMI-2 vessel, was being 

pursued by the staff as part of its severe accident research program.1382 The 
results of this research was expected to determine whether changes to future 
vessel design would be warranted. Thus, this concern was being addressed by the 
staff. 

 
(4) The relocation of in-core instrumentation was expected to be addressed by NSSS 

vendors in the design of future plants which was subject to review and approval by 
the staff. For example, the bottom-mounted instrumentation penetrations were 
eliminated in the Westinghouse AP600 design to reduce building volume and costs 
significantly. Thus, this concern was being addressed by the staff. 

 
Conclusion 
 
Of the four recommendations contained in this issue, two were addressed in other ongoing 
programs and one had been previously addressed by the staff. The remaining recommendation 
had negligible risk reduction potential and, therefore, was not considered to be safety-significant. 
Thus, this issue was DROPPED from further consideration as a new and separate issue. In an 
RES evaluation,1564 it was concluded that consideration of a 20-year license renewal period did 
not change the priority of the issue. 
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ISSUE 155.4: IMPROVE CRITICALITY CALCULATIONS 
 
Description 
 
The Board believed that doubts still remained as to whether the TMI-2 core became critical, or 
was very close to critical, during the TMI-2 accident and recommended that the NRC establish 
guidelines that deal with criticality following a severe reactor accident.1362 These guidelines should 
take into account abnormal geometries and possible core conditions that could result from the 
accident. The Board believed that the accident scenario developed by the TMI-2 licensee was 
sufficiently detailed that a series of geometric configurations could be simulated for criticality 
calculations. Variables that could be estimated reasonably well included the presence of water, 
oxidation of cladding, melting and movement of fuel, melting of poison rods, and movement of 
poison.  
 
Conclusion 
 
The safety concern was addressed by DSR/RES in SARP Task 4.3: Investigate the Possibility 
and Consequences of Recriticality in Degraded BWR Cores.1382 The staff's study was 
documented in NUREG/CR-56531379 in which it was concluded that there was the potential for 
recriticality in BWRs, if core reflood occurs after control blade melting has begun but prior to 
significant fuel rod melting. However, a recriticality event would most likely not generate a 
pressure pulse significant enough to fail the vessel. Two strategies were identified that would aid 
in regaining control of the reactor and terminate the recriticality event before containment failure 
pressures are reached: (1) initiation of boron injection at or before the time of core reflood, if the 
potential for control blade melting exists; and (2) initiation of RHR suppression pool cooling to 
remove the heat load generated by the recriticality event and extend the time available for 
boration.  
 
The issue was not considered to be a major concern for PWRs because of their design that 
includes a safety injection system for supplying borated water to the core. Furthermore, it was 
concluded in NUREG/CR-58561417 that, during a severe accident, an unmoderated recriticality of 
the molten, consolidated portion of a degrading core cannot occur at U235 enrichments 
characteristic of a PWR. Based on the staff's efforts in addressing the safety concerns in the 
SARP, this issue was DROPPED from further pursuit as a new and separate issue. In an RES 
evaluation,1564 it was concluded that consideration of a 20-year license renewal period did not 
change the priority of the issue. 
 
 
ISSUE 155.5: MORE REALISTIC SEVERE REACTOR ACCIDENT SCENARIO 
 
Description 
 
The TMI-2 event was a severe accident in which approximately 50% of the core was in a molten 
state at some point during the accident. Approximately 20 tons of the once-molten debris poured 
through the core support structure into the water-filled lower plenum and onto the lower head of 
the reactor vessel. Most codes in use at that time would have predicted a failure of the lower head 
under these conditions. The severity of the accident showed that the reactor vessel was more 
difficult to fail than was anticipated.  
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The Board recommended that in-vessel core-melt progression for severe accidents be studied 
further by the NRC and that the results be incorporated into existing codes and standards. The 
Board believed that codes should have the capability to reproduce the TMI-2 accident with 
reasonable accuracy before they can be accepted as predictive tools.1362 
 
Conclusion 
 
At the time this issue was evaluated in June 1992, the safety concern was being addressed by 
DSR/RES in SARP Issue L2: In-Vessel Core Melt Progression and Hydrogen Generation.1382 In 
considering core-melt progression, the staff was expected to treat BWRs and PWRs separately 
because of their different fuel assembly, control element, and lower plenum structures. Concerns 
common to both BWRs and PWRs are: (1) the integrity of core structures; (2) the mode of core 
material relocation; (3) hydrogen generation; (4) the mode of bottom head failure; and (5) the 
effects of water injection. The answers to the above concerns will be different because of the 
physical differences of BWRs and PWRs. TMI-2 data and the results of new experiments and 
model development were to be examined by the staff in its research. Based on the staff's efforts 
on SARP Issue L2, Issue 155.5 was DROPPED from further pursuit as a new and separate issue. 
In an RES evaluation,1564 it was concluded that consideration of a 20-year license renewal period 
did not change the priority of the issue. 
 
 
ISSUE 155.6: IMPROVE DECONTAMINATION REGULATIONS 
 
Description 
 
The Board believed that the decontamination techniques used throughout the nuclear industry for 
small activities were not applicable to large-scale activities and recommended that the NRC use 
the experience gained from the TMI-2 accident to prepare guidelines for decontamination and 
decommissioning of nuclear plants.1362 
 
Conclusion 
 
Traditionally, the NRC has not developed or approved decontamination techniques. Due to the 
many ways in which decontamination can be accomplished and the rapidly evolving technology in 
this area, it is not practical or beneficial for the NRC to establish guidelines for decontamination 
techniques. Rather, the NRC has focused on the development of criteria which set standards for 
exposure of workers and the public (e.g., 10 CFR 20), the levels of allowable residual 
contamination, and the handling and disposal of the radioactive waste generated. Efforts at 
establishing residual contamination criteria applicable to decommissioning were in progress as 
described below.  
 
In June 1991, the Commission deferred1412 implementation of the Below Regulatory Concern 
(BRC) policy but reaffirmed its intentions to carry out its responsibilities to address issues related 
to waste disposal, consumer products, recycling of materials, and decontamination and 
decommissioning, as necessary, on a case-by-case basis in the manner in which these issues 
were considered, prior to the development of the BRC policy statement. In this regard, the staff 
was directed to continue its accelerated efforts in completing the technical basis for rulemaking on 
residual contamination criteria.  
 
In accordance with SECY-92-045,1413 the staff proceeded with an enhanced participative 
rulemaking process to develop radiological criteria for decommissioning; this effort was tracked in 
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the NRC Regulatory Agenda (NUREG-0936). Based on the above considerations, Issue 155.6 
was DROPPED from further pursuit as a new and separate issue. In an RES evaluation,1564 it was 
concluded that consideration of a 20-year license renewal period did not change the priority of the 
issue. 
 
 
ISSUE 155.7: IMPROVE DECOMMISSIONING REGULATIONS  
 
Description  
 
The Board raised concerns over the requirements for the disposal of highly contaminated 
components from a nuclear plant during decommissioning and recommended that regulations be 
developed.1362 
 
Conclusion  
 
The TMI-2 experience was considered by the staff in the development of the decommissioning 
rule1364 in 1988. Industry options for complying with this rule are described in NUREG-0586173 and 
include DECON, SAFSTOR, and ENTOMB. As part of its resolution of Issue B-64, 
"Decommissioning of Reactors," the staff is currently developing an SRP11 Section for use in its 
review of licensee decommissioning plans. Concurrent with this effort is the development of two 
Regulatory Guides: DG-1005, "Standard Format and Content for Decommissioning Plans for 
Nuclear Reactors"; and DG-1006, "Records Important for Decommissioning of Nuclear Reactors." 
Thus, Issue 155.7 was DROPPED from further consideration as a new and separate issue. The 
related concern of decommissioning prematurely shutdown plants was addressed in Issue 155.2. 
In an RES evaluation,1564 it was concluded that consideration of a 20-year license renewal period 
did not change the priority of the issue. 
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ISSUE 167: HYDROGEN STORAGE FACILITY SEPARATION 

 
Description 
 
Historical Background 
 
Issue 106 was resolved with the issuance of Generic Letter 93-06, “Research Results on 
Generic Safety Issue 106, ‘Piping and the Use of Highly Combustible Gases in Vital Areas,’” 
dated October 25, 1993,1547 which included evaluation of the risk from (1) the storage and 
distribution of hydrogen (H2) for the volume control tank in pressurized-water reactors (PWRs) 
and the main electric generator in boiling-water reactors (BWRs) and PWRs, (2) other sources 
of H2 such as battery rooms, the waste gas system in PWRs, and the offgas system in BWRs, 
and (3) small, portable bottles of combustible gases used in maintenance, testing, and 
calibration. However, the potential risk from large H2 storage facilities outside the reactor, 
auxiliary, and turbine buildings was not addressed. Studies performed during and subsequent to 
the resolution of Issue 106 raised concerns about the magnitude of the excluded risk.1534,1535 
Thus, in December 1993, Issue 167 was identified1532 to address this excluded risk. 
 
U.S. Nuclear Regulatory Commission (NRC) Information Notice 89-44, “Hydrogen Storage on 
the Roof of the Control Room,”1552 was issued in April 1989, and each NRC regional office was 
expected to determine whether the plants in its region had similar safety-related concerns. The 
information compiled by these offices was reviewed and issued in the preliminary report, 
SCIE-EGG-103-89, “Draft Technical Evaluation Report on U.S. Commercial Power Reactor 
Hydrogen Tank Farms and Their Compliance with Separation Distance Safety Criteria,” in 
March 1990.1535 The storage of gaseous or liquid H2 at 119 power plants was then investigated, 
and possible accident scenarios resulting from a fireball, explosion, or presence of unburned H2 
gas in ventilation air intakes were examined. Explosion was identified as the scenario posing the 
greatest risk potential. The analysis in SCIE-EGG-103-891535 focused on explosion, with all 
quantification performed relative to this accident only. 
 
Safety Significance 
 
The safety concern was whether or not there is adequate physical separation between H2 
storage facilities and buildings or structures housing systems important to safety at nuclear 
power plants.  
 
Possible Solutions 
 
Possible solutions included relocation (or placement in pits) of storage facilities, buildings, and 
equipment and the construction of blast shields, or a combination of these. The resolution for 
this issue was assumed to be the construction of concrete walls enclosing the H2 storage 
facility. This structure would serve as a blast shield in the event of an explosion, essentially 
eliminating the risk. 
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Priority Determination 
 
The NRC staff assigned a LOW priority ranking to this issue in 1994. This section presents the 
NRC staff analysis for prioritizing this issue, which was published in 1995. This analysis, which 
includes frequency, consequence, and cost estimates and a value/impact assessment, has not 
been updated in the 2011 revision of this issue. 
 
Hydrogen gas and cryogenic H2 storage tanks are designed, fabricated, tested, and stamped in 
accordance with Section VIII, Division 1, of the American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code (ASME Code) for unfired pressure vessels. The 
containers for gaseous H2 are seamless, single-walled containers. Liquid H2 is stored in 
vacuum-jacketed or double-walled vessels. The “Handbook of Chemical Hazard Analysis 
Procedures” (the Handbook) (published jointly by the Federal Emergency Management Agency, 
U.S. Department of Transportation, and U.S. Environmental Protection Agency) lists accident 
rates and percentages of volume released for use in analyzing potential accidents involving H2 
storage containers. For single-walled containers, the accident rate suggested in this Handbook 
was 10-4/tank-year. For these containers, the Handbook suggested that 90 percent of spills are 
terminated, while 10 percent are instantaneous total release of contents. Thus, for single-walled 
containers, the frequency of release of 100 percent of container contents was estimated to be 
10-5/tank-year. For double-walled containers, the accident rate suggested was 10-6/tank-year. In 
this case, the entire container contents are released instantaneously 100 percent of the time. A 
frequency of 10-5/tank-year for instantaneous release of 100 percent of vessel contents was 
assumed in this analysis. 
 
The status of the 119 power plants was assessed1535 with respect to H2 tank farm separation 
guidelines in Electric Power Research Institute (EPRI) NP-5283-SR-A, “Guidelines for 
Permanent BWR Hydrogen Water Chemistry Installations.” Sixteen percent were found not to 
meet the separation guidance with respect to explosion hazard. For the existing population of 
110 plants, this translated into 18 light-water reactors not meeting the EPRI guidelines. (The 
permanently shut down Trojan PWR was excluded from this population. Thus, this analysis did 
not address H2 storage tanks located on top of the control room roof.) However, in 
NUREG-1364, “Regulatory Analysis for the Resolution of Generic Safety Issue 106: Piping and 
the Use of Highly Combustible Gases in Vital Areas,” issued June 1993,1545 credit was assumed 
for an informal survey that showed mitigating factors to be insufficient at only three plants. 
 
Frequency/Consequence Estimate 
 
Of the types of accidents analyzed in risk assessments, H2 tank farm explosions seem most 
similar to some accidents classified as external events. Furthermore, because such explosions 
could cause large pressure forces to be exerted upon building walls or could cause possible 
impact by missiles, they would appear to be similar to tornadoes among the types of external 
events. However, unlike what is usually assumed for tornadoes, H2 tank farm explosions 
probably would not exert a uniformly high and destructive pressure on all buildings on site at 
one time. Thus, the consequences from H2 tank farm explosions were not expected to exceed 
those from tornadoes. 
 
A review of available probabilistic risk assessments (PRAs) yielded the individual plant 
examination (IPE) for Oconee Nuclear Station (Oconee), Unit 3,1533 as most appropriate for this 
analysis. In this IPE, a fairly detailed assessment of tornado risk was performed, building on that 
from the earlier Oconee Unit 3 PRA.889 An added advantage to the selection of Oconee Unit 3 
was that it provided a description of the site’s 48,000-scf H2 tank farm, which was deemed to be 
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representative.1535 This farm consisted of six tanks that, using the suggested values in the 
Handbook, resulted in an accident frequency of (10-5/tank-year)(6 tanks/tank-farm)(1 
tank-farm/reactor) = 6x10-5/reactor-year (RY) for an H2 accident that releases 100 percent of the 
contents of at least one tank. 
 
To put the amount of H2 involved in perspective for the tank farm at Oconee, one tank contains 
8,000 scf of H2. This was equivalent to 216.8 pounds (lbs) of trinitrotoluene (TNT), using the 
EPRI guidelines equivalence of 1,000 scf = 27.1 lbs of TNT for gaseous H2 storage. Six tanks in 
the same farm contain an equivalent of 1,300.8 lbs of TNT. In the terminology of the EPRI 
guidelines, both these amounts are considered to be in the “small equivalence” range (less 
than 4,000 lbs TNT). Terminology and equivalence notwithstanding, hypothesizing the 
detonation of one tank in a farm raises the question of subsequent damage to and detonation of 
adjacent tanks. The EPRI guidelines were based on the safety analysis of the failure of single 
vessels and did not address simultaneous failure of multiple storage vessels. There was factual 
support for using a basis of only one tank failure. The guidelines cited three events, two from 
reactor sites where H2 container explosions did not damage adjacent cylinders. Given release of 
the contents of one cylinder, it was assumed in this analysis that (1) detonation will occur, 
(2) possibly all of the tanks were involved, and (3) because the tank farm in question was 
assumed not to conform to EPRI guidelines, appropriately selected plant damage would ensue 
with an appropriately assigned conditional probability. 
 
For the purpose of analyzing tornado-generated missiles, Duke Power Company (Duke Power) 
considered1533 two categories of tornado events: (1) tornadoes whose winds impact on Oconee 
Unit 3, and (2) tornadoes passing within 2,000 feet (ft) of Oconee Unit 3. The latter category 
was subsequently dismissed when analysis showed the probability of a core-melt due to 
tornado-generated missiles to be 100 to 1,000 times lower than that due to tornado wind 
loadings; therefore, only the first category was addressed. Duke Power assumed1533 that a 
tornado would render unavailable all offsite alternating current (ac) power sources except for 
one underground path. Tornadoes of intensity F-1 or less (i.e., with wind speeds less 
than 113 miles per hour (mph)) were assumed not to cause sufficient wind damage to generate 
a core melt. Oconee had been designed to withstand wind loadings of F-1 tornadoes. 
 
The EPRI guidelines have been checked for responses for walls with static pressure capacities 
between 1.5 and 4.5 pounds per square inch (psi). Regulatory Guide 1.76, “Design Basis 
Tornado for Nuclear Power Plants,”42 indicated that a 1.5-psi pressure drop could be expected 
for a design-basis tornado with wind speed as low as 195 mph (the sum of rotational speed and 
minimum translational speed). This wind speed lies toward the upper end of the range for an 
F-3 tornado (158–206 mph). From Appendix B to the EPRI guidelines, for a small yield such as 
that (216.8 lbs TNT) from one tank at the tank farm in question, the separation distance can be 
fairly small (about 60 ft), even for a plant with moderate wall ductility (μ = 3) and low-end 
(1.5-psi) static design pressure. This lends some justification to the assumption made that the 
appropriate minimum blast force to use in the analysis corresponds to that from an F-3 tornado. 
Due to lack of knowledge of the exact number of tanks detonated (one to six) and other physical 
parameters involved, conditional probabilities of 1/3 were assigned to each of the resulting 
equivalent tornado forces F-3, F-4, and F-5. In other words, the 6x10-5/RY initiating event 
frequency derived from the Handbook was considered to be uniformly distributed among the 
assumed equally likely outcomes F-3, F-4, and F-5. This was believed to be conservative, at 
least with respect to F-4 and F-5. 
 
The turbine building was assumed1533 to be susceptible to wall damage from F-2 and stronger 
tornadoes. Wall damage could fail the 4,160-volt (V) (4-kilovolt (kV)) ac switchgear that powers 
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safety equipment and/or the upper surge tank (UST), the prime suction source for the 
emergency feedwater pumps. The auxiliary building was assumed to be susceptible to wall 
damage from F-4 and stronger tornadoes (wind speeds greater than 206 mph), particularly the 
exterior walls of the west penetration room (WPR) and east penetration room (EPR). Damage to 
the WPR wall could fail piping and electrical penetrations, including those from the standby 
shutdown facility (SSF). This could lead to reactor coolant pump seal loss-of-coolant accidents, 
loss of the SSF backup for reactor coolant pump seal cooling, and loss of feedwater from the 
SSF. Damage to the EPR wall would cause similar failures, although the likelihood of piping 
failures there was judged to be about 10 times less due to tornado shielding by the reactor 
building. Other exterior components, such as the borated water storage tank, are also 
susceptible to failure from tornadoes. However, they did not appear in the listed cutsets for core 
damage and were not considered further. 
 
Tornadoes falling within categories F-2 through F-5 resulted in accident sequences leading to 
various plant damage states. The total core damage frequency (CDF) (the sum of the accident 
sequence frequencies) was 9.74x10-6/RY. However, after eliminating the plant damage state not 
resulting in offsite releases, the frequency was calculated to be 8.2x10-6/RY. 
 
There were 17 possible release categories associated with the plant damage state, and each 
was assigned a conditional probability of release.1533 When multiplied by the sequence 
frequency, each of these yielded the sequence frequency per release category. Associated with 
each category was a whole-body man-rem equivalent dose. The product of each release 
category frequency and its associated dose yielded a total risk of 9.11 man-rem/RY. These 
results for a tornado were then modified for an H2 tank-farm explosion. 
 
Again, unlike tornadoes, H2 tank-farm explosions would not exert pressure on all site buildings 
at one time. Thus, multiple building wall failures were not expected as in the tornado accident 
sequences. To reflect this limitation, the cutsets of the tornado accident sequences were 
reviewed and it was found that nearly all contained conditional failure of the turbine building 
wall. Associated with this failure were failures of the UST and/or 4-kV ac switchgear. Failures of 
the walls of the WPR and/or EPR were contained in fewer of the cutsets of the tornado accident 
sequences. Therefore, an H2 tank-farm explosion was assumed to fail only the turbine building 
wall, resulting in failures of the UST and/or 4-kV ac switchgear; no failure of the WPR or EPR 
walls was assumed. This eliminated most of the T(F4) and T(F5) sequences. Using the 
remaining sequences, the Handbook derived an initiating event frequency of 6x10-5/RY, and the 
1/3 conditional probability for each of the categories F-3, F-4, and F-5 resulted in a total CDF 
frequency from H2 tank explosion of 4x10-6/RY, which was less than that for tornadoes. 
 
Using the same release category conditional probabilities and equivalent doses as for 
tornadoes, a total frequency over all release categories of 3x10-6/RY (less than the total CDF 
because not all accident sequences lead to offsite release) and a total risk of 2.9 man-rem/RY 
were obtained. Thus, the risk was also less than that for tornadoes. Assuming 18 affected plants 
with an average remaining lifetime of 23 years, the total risk reduction potential was 
1,201 man-rem. 
 
Cost Estimate 
 
Industry Cost: It was reported1535 that the 48,000-scf Oconee tank-farm consisted of six tanks 
that covered an area 45 ft by 30 ft. It was surrounded by an exclusion fence and was always 
lighted. The proposed concrete enclosure was assumed to have the same dimensions as the 
six Oconee tanks combined. From the 1993 Means Building Construction Cost Data 
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(51st edition), the costs were obtained for thick, smooth, gray, architectural precast concrete 
slabs 10 ft high and 6 inches thick. For a 20-ft length, the cost was $14.95 per square foot (ft2) 
(area) and, for a 30-ft length, the cost was $14.60/ft2. To form an enclosure at least 45 ft by 
30 ft, two 20-ft sections and four 30-ft sections would be needed. A height of 10 ft was 
considered to be sufficient to protect the surroundings from horizontal blast effects; however, a 
thickness comparable to that of site building walls (about 18 inches) was necessary. Thus, the 
total number of precast concrete wall panels was as follows: 
 
30-ft panels: (4/perimeter)(3 at 6-in thickness each) = 12
20-ft panels : (2/perimeter)(3 at 6-in thickness each) = 6
    Total = 18 
 
The enclosure would be 50 ft by 30 ft, yielding a total wall panel area of 
(2)(50 + 30)ft(10 ft)(3 panels) or 4,800 ft2. At $15/ft2, the cost of this enclosure would be 
($15/ft2)(4,800 ft2) or $72,000. 
 
The Means manual cited above stated that, “[i]f the work is to be subcontracted, add the general 
contractor’s markup, approximately 10%.” In addition, the enclosure will have to be anchored in 
place and penetrated for piping and access. Combined with the general contractor’s markup, 
these factors were assumed to increase the cost of the enclosure by about 50 percent, bringing 
the total cost to (1.5)($72,000)/plant or $108,000/plant. 
 
Any industry operation and maintenance activities associated with this resolution were assumed 
to be performed as part of activities already in place, such as standard inspection and reporting 
procedures. No industry cost was anticipated for operation and maintenance. Thus, the total 
cost for 18 plants was $1.94 million (M). 
 
NRC Cost: The resolution was assumed to require $100,000 for development of a “typical 
uncomplicated TS [technical specification] change” and an implementation cost of $11,000/plant 
(1988 dollars) with a 4-percent inflation rate. For 18 affected plants, the total cost was estimated 
to be $341,000. 
 
Total Cost: The total NRC and industry cost associated with the possible solution was estimated 
to be $(1.94 + 0.341)M or $2.28M. 
 
Impact/Value Assessment 
 
Based on a potential public risk reduction of 1,201 man-rem and an estimated cost of $2.28M, 
the impact/value ratio was given by the following: 
 

R =       $2.28M    _ 
1,201 man-rem 

 
= $1,898/man-rem 

 
Other Considerations 
 
The following other considerations relate to this issue: 
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(1) The number of affected plants was determined by identifying those that did not conform 
to the EPRI separation criteria that were based on an H2-to-TNT detonation equivalency. 
Had more stringent criteria been used, the number of affected plants might have been 
larger. EGG-SSRE-8747, “Technical Report: Improved Estimates of Separate Distances 
to Prevent Unacceptable Damage to Nuclear Power Plant Structures from Hydrogen 
Detonation for Gaseous Hydrogen Storage,” issued November 1993,1534 concluded that 
“the hydrogen to TNT detonation equivalency used in previous calculations should no 
longer be used.” The stated reason for this was that “the separation distances results 
from previous calculations [including those of the EPRI criteria] can be either 
overconservative or unconservative depending upon the set of hydrogen detonation 
parameters that are used.” Nevertheless, this analysis was considered to be sufficiently 
conservative, particularly with respect to the assumption that all tanks are single-walled 
and assignment of conditional probabilities of 1/3 for F-4 and F-5 resultant forces. 

 
An informal survey of all plants cited in NUREG-13641545 showed that, of those plants 
that did not meet the EPRI criteria for separation distances for safety-related air intakes 
or structures, mitigation features were insufficient at only three of the plants. Use of 
3 affected plants instead of 18 would also result in a low impact/value score. 

 
(2) Assuming a license renewal period of 20 years, with the 18 affected plants operational 

75 percent of this time, the additional risk reduction would be 
(18)(2.9 man-rem/RY)(20)(0.75) or 783 man-rem. Because there would be no increase 
in cost, the impact/value ratio would be $1,149/man-rem. 

 
Conclusion 
 
Based on the impact/value ratio and the potential reduction in CDF and public risk, this issue 
was given a LOW priority ranking in 1994. Consideration of a license renewal period of 20 years 
would not change this ranking. 
 
The NRC staff conducted a review of this issue in 2010 to determine whether any new 
information would necessitate reassessment of the original prioritization evaluation.1964 The staff 
determined that the existing regulations and guidance adequately address this issue, and the 
operating experience has not indicated a change in the significance of this issue. The following 
discussion demonstrates the application of the NRC regulatory framework to this issue. 
 
Between the publication of this generic issue in 1995 and the year 2000, most licensees 
committed to National Fire Protection Association (NFPA) 50A, “Standard for Gaseous 
Hydrogen Systems at Consumer Sites,” and NFPA 50B, “Standard for Liquefied Hydrogen 
Systems at Consumer Sites,” as part of their licensing basis.1969

 These codes provided 
separation distances for gaseous and liquefied hydrogen, providing a basis for the generic 
issue. 
 
In 2000, with the implementation of the Reactor Oversight Process, the NRC issued Inspection 
Procedures 71111.05AQ, “Fire Protection Annual/Quarterly,”1970

 and 71111.05T, “Fire Protection 
(Triennial).”1971 These inspection procedures have the following objectives: 
 
• Evaluate the adequacy and implementation of the licensees’ fire protection programs. 
 
• Review the procedures to incorporate and implement changes to the respective fire 

protection programs. 
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• Determine the adequacy of the licensees’ systems for taking corrective action when 

warranted by quality assurance programs, generic deficiencies, or events. 
 
With respect to this generic issue, these inspection procedures verify that a licensee’s fire 
protection program includes the control of combustible material, including the appropriate 
storage of bulk flammable gases and liquids like hydrogen. To that end, inspection procedures 
also verify that the licensee’s fire protection program consists of a fire hazard analysis, which 
includes analyses for postulated hydrogen explosions. The fire protection program also includes 
the facility’s technical specifications, which include the appropriate limiting condition for 
operations to prevent the postulated fire conditions. 
 
In December 2002, the NRC reported the results of the inspections under Temporary 
Instruction 2515/146, “Hydrogen Storage Locations,” Revision 1, dated April 18, 2002.1972 The 
report highlighted findings related to the adequate separation of hydrogen storage facilities from 
risk-significant tanks or SSCs and from ventilation intakes. The licensees of these plants 
committed to taking appropriate corrective actions. 
 
With respect to enforcement, in December 2008, inspectors identified a Severity Level IV 
noncited violation of Title 10 of the Code of Federal Regulations (10 CFR) 50.59, “Changes, 
Tests and Experiments,” for the licensee’s failure to perform a safety evaluation associated with 
installation of a bulk hydrogen storage facility located directly above buried circulating water 
system return lines.1973 

 
Based on the review of the NRC’s regulations and guidance related to this issue, the staff 
concluded that existing regulations and guidance adequately address this issue. Therefore, the 
staff changed the status of Generic Issue 167 and DROPPED this issue from further pursuit. 
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ISSUE 181: FIRE PROTECTION 

 
Description 
 
In February 1993, The U.S. Nuclear Regulatory Commission (NRC) Office of Nuclear Reactor 
Regulation (NRR) completed a reassessment of the reactor fire protection review and inspection 
programs, in response to programmatic concerns raised during the review of Thermo-Lag fire 
barriers, and prepared a report.1626 A fire protection task action plan (FP-TAP) was then 
prepared to implement the recommendations that resulted from this reassessment. The FP-TAP 
includes a wide range of technical and programmatic fire protection issues, including 
recommendations for action (Part I), recommendations for further study (Part II), confirmation 
issues (Part III), and lessons learned (Part IV). Staff actions to address the recommendations 
were submitted to the Commission in SECY-93-143, “NRC Staff Actions To Address the 
Recommendations in the Report on the Reassessment of the NRC Fire Protection Program,” 
dated May 21, 1993,1627 and progress reports1628,1629 were issued. This issue was identified in an 
NRR memorandum1601 to the Office of Nuclear Regulatory Research in February 1996. 
 
Each operating reactor has an NRC-approved fire protection plan that, if properly implemented 
and maintained, satisfies Title 10 of the Code of Federal Regulations (10 CFR) 50.48, “Fire 
Protection,” and General Design Criterion 3, “Fire Protection,” of Appendix A, “General Design 
Criteria for Nuclear Power Plants,” to 10 CFR Part 50, “Domestic Licensing of Production and 
Utilization Facilities.” The staff’s focus was on developing the framework for the future direction 
of the NRC fire protection program, with emphasis on a fire protection functional inspection 
(FPFI) program, a plan for developing and implementing this program, and a plan for centralized 
management, by NRR, of the FPFI program and all other reactor fire protection work. The 
principal objective of these efforts was to ensure that the NRC has a strong, broad-based, and 
coherent fire protection program that is commensurate with the issue’s safety significance. 
 
Conclusion 
 
The staff developed the FPFI program inspection procedures and guidance and drafted 
recommendations for centrally managing all reactor fire protection reviews and inspections, 
using Headquarters and regional staff qualified to perform such work. With contract assistance 
from Brookhaven National Laboratory, the staff continued to develop a probabilistic risk 
assessment model for the self-induced station blackout study. Brookhaven National Laboratory 
also drafted a report on risk-based approaches for evaluating fire mitigation features in nuclear 
power plants. Thus, this issue addressed the staff’s efforts to improve its capability to make 
independent assessments of safety and, therefore, was considered to be a licensing issue.1731 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ISSUE 199: IMPLICATIONS OF UPDATED PROBABILISTIC SEISMIC 
HAZARD ESTIMATES IN CENTRAL AND EASTERN UNITED STATES 

ON EXISTING PLANTS 
 
Description 
 
Historical Background 
 
On May 26, 2005, the Office of Nuclear Reactor Regulation (NRR), Division of Engineering, 
recommended that issues related to a closed generic seismic issue (Generic Issue (GI)-194, 
“Implications of Updated Probabilistic Seismic Hazard Estimates,” dated September 23, 2003) 
and the impact of higher seismic hazard on current nuclear power plants (NPPs) in the Central 
and Eastern United States (CEUS) region be examined under the GI identification and 
resolution process.1930 On June 9, 2005, GI-199, “Implications of Updated Probabilistic Seismic 
Hazard Estimates in Central and Eastern United States,” joined the list of GIs.1931 

 
Safety Significance 
 
Recent data and models indicate that estimates of the potential for earthquake hazards for 
some NPPs in the CEUS may be larger than previous estimates. While it has been determined 
that currently operating plants remain safe, the recent seismic data and models warrant further 
study and analysis. This further analysis will allow the U.S. Nuclear Regulatory Commission 
(NRC) to better understand the current margins at plants for earthquakes. 
 
Regulatory Guide 1.165, “Identification and Characterization of Seismic Sources and 
Determination of Safe Shutdown Earthquake Ground Motion,”1932 developed in the early 1990s, 
specifies a reference probability for exceedance of a safe-shutdown earthquake (SSE) ground 
motion (i.e., seismic hazard) at a median annual value of 1E-5. This reference probability value 
is based on the annual probability of exceeding the SSEs for 29 CEUS nuclear power sites and 
is used to establish the SSEs for future nuclear facilities. Based on preliminary results from work 
performed by the United States Geological Survey (USGS) in 2004, it appears that the 
reference probability for the 29 CEUS sites has increased to about 6 to 7E-5. The increase in 
the reference probability value is primarily due to recent developments in the modeling of 
earthquake ground motion in the CEUS. When the staff first identified this issue, no new plants 
had applied for a construction permit or early site permit (ESP) since Title 10 of the Code of 
Federal Regulations (10 CFR) Part 100, “Reactor Site Criteria,” was revised and Regulatory 
Guide 1.1651932 was issued in 1997. When the staff began review of the ESP applications, the 
staff realized the impact of the revised regulation and the regulatory guide as they relate to 
future plants and operating reactors. 
 
From the staff’s review of the ESP applications with support from the 2004 USGS draft report, it 
appeared that the perception of seismic hazard for operating plants in the CEUS region had 
increased. Based on the evaluations of the Individual Plant Examination of External Events 
(IPEEE) Program, the staff had determined that seismic designs of operating plants in the 
CEUS provided an adequate level of protection. However, in light of the preliminary results from 
the USGS work of 2004 and the ESP applications, the staff also recognized that the probability 
of exceeding the SSE at some of the currently operating sites in the CEUS is higher than 
previously understood. Therefore, the staff initiated this GI to assess the impact of increased 
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estimates of seismic hazards on selected current NPPs in the CEUS region that might be 
impacted by the updated seismic research, information, and models. 
 
Screening Analysis 
 
In December 2007, the staff completed the screening analysis using guidance contained in 
Management Directive 6.4, “Generic Issues Program,”1858 and SECY-07-0022, “Status Report 
on Proposed Improvements to the Generic Issues Program,” dated January 30, 2007.1888 The 
screening panel reviewed the analysis in January 2008. On February 1, 2008, the Director of 
the Office of Nuclear Regulatory Research (RES) approved the screening panel 
recommendation1933 to begin the safety/risk assessment stage of the generic issue process.  
 
The screening panel’s recommendation was based on the screening analysis, which showed 
that GI-199 passed the seven GI screening criteria. The discussion under each criterion below 
provides the screening analysis for GI-199. 
 
1. The issue affects public health and safety, the common defense and security, or the 
environment. 
 
The estimated risk to public health and safety and the environment associated with the 
occurrence of seismic events at some NPP sites might have increased from previous estimates. 
The issue stems from ongoing research being conducted by a number of scientists into the 
seismic history of the CEUS and the details of wave propagation and attenuation in this region. 
In particular, information submitted to the NRC by ESP applicants contained updated seismic 
information that included new models to estimate earthquake ground motion and updated 
models for earthquake sources in seismic regions such as eastern Tennessee and around both 
Charleston, South Carolina, and New Madrid, Missouri. In addition, information summarized by 
the USGS as part of the National Seismic Hazard Mapping Program indicates that the estimated 
likelihood of seismic activity (i.e., seismic hazard) in some CEUS locations has increased from 
previous estimates. Some of these locations are near existing NPP sites. An increase in the 
seismic hazard at these sites has the potential to adversely impact public health and safety if 
the estimated increased seismic hazard were to significantly exceed plant design capabilities; 
substantially reduce perceived safety margins for plant structures, systems, and components 
(SSCs) important to safety; or appreciably increase the risk associated with the plant’s response 
to a seismic event. From a qualitative perspective, if the increased hazard is significant at sites 
that have relatively small safety margins for seismic events, then the estimated risk for these 
sites could increase. 
 
2. The issue applies to two or more facilities and/or licensees/certificate holders or holders of 
other regulatory approvals. 
 
The updated information described above results in increased estimates of the seismic hazard 
that could occur at multiple, although not all, NPP sites in the CEUS. Specifically, updated 
models for earthquake sources in seismic regions such as eastern Tennessee and around both 
Charleston, South Carolina, and New Madrid, Missouri, indicate that the rate of earthquake 
occurrence in these regions is greater than previously recognized. Because this change applies 
to several large regions, it has the potential to affect more than one NPP site. Further, new 
models used to estimate earthquake ground motion have been revised relative to those used in 
the 1980s. This change also has the potential to affect more than one NPP site. Updated 
estimates of seismic hazard values at some of the sites could potentially exceed the design 
basis as well as the review-level earthquake spectrum used as part of the IPEEE Program. 
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3. The issue cannot be readily addressed through other regulatory programs and processes; 
existing regulations, policies, or guidance; or voluntary industry initiatives. 
 
In a memorandum to RES dated May 26, 2005, NRR identified this issue and recommended 
that it be examined under the Generic Issues Program.1934 In this memorandum, the staff 
concluded that the seismic designs of operating plants in the CEUS still provide adequate safety 
margins while the staff continues to evaluate new seismic hazard data and models and their 
potential impact on plant risk estimates. At the same time, the staff also recognized that these 
new seismic data and models could reduce available safety margins due to increased estimates 
of the probability associated with seismic hazards at some of the currently operating sites in the 
CEUS. Therefore, to help assess the potential reduction in available safety margins using a 
probabilistic approach, the NRR staff recommended that the new data and models on CEUS 
seismic hazards be examined under the Generic Issues Program.1934 Accordingly, at that time, 
the NRR staff determined that this issue was not sufficiently characterized to be addressed 
under existing licensing processes for licensees of plants that might be impacted. 
 
Based on the limited evaluation of available information, this issue does not appear to be 
adequately characterized for complete treatment under existing regulatory programs and 
processes. Examples of regulatory programs and processes that might apply after obtaining 
additional information and performing further evaluations are listed below. Additional analysis 
will help determine whether this issue is amenable to these or other regulatory programs or 
industry initiatives. 
 
• LIC-100, “Control of Licensing Bases for Operating Reactors” 
• LIC-105, “Managing Regulatory Commitments Made by Licensees to the NRC” 
• LIC-202, “Procedures for Managing Plant-Specific Backfits and 50.54(f) Information 

Requests” 
• LIC-300, “Rulemaking Procedures” 
• LIC-400, “Procedures for Controlling the Development of New and Revised Generic 

Requirements for Power Reactor Licensees” 
• LIC-401, “NRR Reactor Operating Experience Program” 
• LIC-501, “Program Coordination for Risk-Informed Activities” 
• LIC-503, “Generic Communications Affecting Nuclear Reactor Licensees” 
• LIC-504, “Integrated Risk-Informed Decision-Making Process for Emergent Issues” 
 
4. The issue can be resolved by new or revised regulation, policy, or guidance. 
 
Further analysis of the risk or safety impact would provide sufficient additional information to 
properly characterize the issue and its potential impact on CEUS plants and support 
consideration under other existing regulatory programs or industry initiatives. The regulatory 
office has authority to take appropriate regulatory action(s) as necessary to protect the public 
health and safety and the environment. Depending on the outcome of the additional analysis, as 
well as industry initiatives to address any safety issues, the regulatory office could address this 
issue through one or more actions involving regulation, policy, or guidance. 
 
5. The issue’s risk or safety significance can be adequately determined (i.e., it does not involve 
phenomena or other uncertainties that would require long-term studies and/or experimental 
research to establish the risk or safety significance). 
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The screening analysis was performed based on the staff’s review of updated seismic data and 
models submitted by ESP applicants and also updated seismic hazard data and models 
available from the USGS as part of the National Seismic Hazard Mapping Program. The seismic 
hazard at CEUS plant sites of interest can be evaluated using an approach like the detailed 
assessment performed by the Electric Power Research Institute (EPRI)1935 for 28 of the 29 sites 
included in Regulatory Guide 1.165.1932 This study used updated attenuation models and 
incorporated updates to the EPRI seismic source model developed during the preparation of the 
ESPs. The risk significance of the updated seismic hazard information can be evaluated for 
CEUS plant sites of interest by performing a comparison of uniform hazard spectra or other 
hazard results to the beyond-design-basis review-level earthquake or hazard curve used as part 
of the IPEEE evaluation.1798 The available IPEEE Program results would allow a general 
assessment of the potential safety impact of increases in seismic hazard at specific sites. This 
analysis was performed later as part of the safety/risk assessment under the Generic Issues 
Program. 
 
6. The issue is well defined, discrete, and technical. 
 
The seismic hazard will be adequately defined upon detailed assessment of available updated 
seismic data and models submitted by ESP applicants and also updated seismic hazard data 
and models available for other CEUS plant sites of interest using an approach like that 
performed by EPRI1935 for 28 of the 29 sites included in Regulatory Guide 1.165.1932 This will 
allow the seismic hazard estimates for CEUS plant sites of interest to reflect the state of current 
knowledge. As new information and research becomes available, future updates might be 
warranted. The plants’ response to seismic hazards involves technical analyses using 
established techniques. 
 
7. Resolution of the issue may potentially involve review, analysis, or action by the affected 
licensees, certificate holders, or holders of other regulatory approvals. 
 
After further characterization of site-specific seismic hazards and an analysis of the plant’s 
response to the increased seismic hazard, some plants may be identified as having a 
vulnerability that must be addressed to maintain adequate safety margins. Determining a plant’s 
margin and potential need for action to maintain an adequate margin could involve regulatory 
actions (e.g., requests for information from plant licensees, reviews, additional analysis, 
mitigation actions, physical enhancements, administrative controls) for some plant licensees or 
could involve actions by industry stakeholders. 
 
The screening analysis showed that the estimated increase in spectral acceleration for some 
existing CEUS plant sites might exceed the design basis and values used for the NRC’s review 
of IPEEE submittals. This translates into an equivalent increase in seismic demand on plant 
SSCs. As a result, this issue has the potential to result in increased seismic core damage 
frequency (SCDF) estimates for some plants. However, the screening analysis provided a 
limited evaluation that did not assess the safety response of the plants. 
 
The limited scope screening analysis concluded that the seismic designs of operating plants in 
the CEUS provided adequate safety margins while the staff continued to evaluate new seismic 
hazard data and models and their potential impact on plant risk estimates. Specific reasons for 
this conclusion included the following: 
 
• The estimated annual probability of exceedance of seismic hazard is small in an 

absolute sense. 
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• Earthquakes cause ground motion over a range of frequencies. Lower frequency 

motions are more damaging to buildings and equipment than higher frequency motions. 
Based on the NRC staff’s reviews associated with ESPs, the staff was confident that the 
recent seismic data and models would show that increased estimates of the seismic 
hazards would occur primarily in the higher ground motion frequencies. Accordingly, the 
staff anticipated that these increased estimates of seismic hazards would primarily have 
little impact on previous estimates of the potential damage to buildings and equipment. 

 
• The plants are designed to withstand anticipated earthquakes with substantial design 

margins. Plants may have seismic margins beyond those reflected in their IPEEE 
submittals, and these could compensate for the increase in estimated seismic load. 
Such additional seismic margins at plants may be inherent in the design and 
construction, realized from improved data and analysis methods, or result from plant 
modifications or enhancements completed since the IPEEE submittals. 

 
Based on the knowledge of this issue at the time of the screening analysis and its potential 
effect on CEUS plants, this issued passed the seven GI screening criteria and, therefore, 
warranted further analysis under the Generic Issues Program. 
 
Safety/Risk Assessment 
 
RES staff developed and implemented a methodology to determine the implications of updated 
probabilistic seismic hazard estimates in the CEUS on existing plants. The methodology, 
analyses, results, and limitations of the safety risk assessment are summarized below. A 
detailed discussion of the safety/risk assessment is documented in the NRC’s “Safety/Risk 
Assessment Results for Generic Issue 199, Implications of Updated Probabilistic Seismic 
Hazard Estimates in Central and Eastern United States on Existing Plant: Safety/Risk 
Assessments,” dated August 2010. 1974 

 
Risk Methodology 
 
SCDF was chosen as the appropriate risk metric because it is expected to be more sensitive 
than other metrics (either large early release fraction or public dose) to changes in the seismic 
hazard. In addition, SCDF can be estimated using IPEEE information. Conversely, the IPEEE 
Program did not produce sufficient quantitative information to estimate alternate risk metrics. 
 
The staff performed a two-stage assessment to determine the implications of updated 
probabilistic seismic hazards in the CEUS on existing NPPs. The first stage involved evaluating 
the change in seismic hazard with respect to previous estimates at individual plants. The 
second stage estimated the change in SCDF as a result of the change in the seismic hazard for 
each operating plant in the CEUS. The seismic hazard at each NPP site depends on the unique 
seismology and geology surrounding the site, which necessitated separately determining the 
implications of updated probabilistic seismic hazard for each of the 96 operating NPPs in the 
CEUS. 
 
Evaluation of Changes in Seismic Hazard Estimates 
 
In the first stage of the assessment, the NRC staff evaluated the potential significance of 
changes in seismic hazards in a stepwise fashion by assessing the degree to which the seismic 
hazard estimates developed using the most recent seismic hazard information and NRC staff 



 Revision 1 

September 30, 2011 3.199-6 NUREG-0933 

guidance deviate from previously developed assessments. The comparison of results indicated 
an increase in the seismic hazard estimates relative to previous assessments for a number of 
plants. 
 
Evaluation of Changes in Seismic Core Damage Frequency 
 
In the second stage, the NRC staff developed SCDF estimates using three sets of mean 
seismic hazard curves (the 1989 EPRI study, the 1994 Lawrence Livermore National Laboratory 
study, and a 2008 USGS study) and plant-level fragility curves developed from information 
provided in the IPEEE submittals. This method had previously been used by the staff in the 
resolution of GI-194 and during reviews of various risk-informed license amendments.1975 The 
changes in the NRC’s SCDF for a number of plants lie in the range of 10-4 per year to 10-5 per 
year, which meets the numerical risk criteria for an issue to proceed to the regulatory 
assessment phase of the Generic Issues Program. 
 
Overall seismic risk estimates remain small in an absolute sense. All operating plants in the 
CEUS have a SCDF less than or equal to 10-4/year, confirming that there is no immediate 
concern for adequate protection. 
 
The approach used to estimate SCDF in the safety/risk assessment does not provide insight 
into which SSCs are important to seismic risk. Such knowledge provides the basis for 
postulating plant backfits and conducting a value/impact analysis of potential backfits during a 
regulatory analysis. For a number of plants, especially those that performed reduced-scope 
seismic margin analysis, detailed information is presently not available to the NRC regarding 
plant seismic capacity (the ability of a plant’s SSCs to successfully withstand an earthquake) 
beyond the required design-basis level. 
 
Safety/Risk Assessment Panel Conclusions and Observations 
 
In accordance with Management Directive 6.4, a safety/risk assessment panel was established 
to determine, on a generic basis, if the risk associated with GI-199 warranted further 
investigation for potential imposition as a cost-justified backfit and to provide a recommendation 
for the next step.   
 
The panel completed its independent review of the safety/risk assessment for GI-199 in 
September 2010.1976 The panel reached the following conclusions and observations: 
 
• Overall seismic core damage risk estimates are consistent with the Commission’s safety 

goal policy statement because they are within the subsidiary objective of 10-4/year for 
core damage frequency. The GI-199 safety/risk assessment, based in part on 
information from the NRC’s IPEEE Program, indicates that no concern exists about 
adequate protection and that the seismic design of operating reactors provides a safety 
margin to withstand potential earthquakes exceeding the original design basis. 

 
• The changes in SCDF estimated in the safety/risk assessment stage of GI-199 for 

numerous plants lie in the range of 10-4/year to 10-5/year, which meet the numerical risk 
criteria for an issue to proceed to the regulatory assessment stage of the generic issues 
program. 

 
• New consensus seismic-hazard estimates will become available in 2011 (these are a 

product of a joint NRC, U.S. Department of Energy, USGS, and EPRI project). These 
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consensus seismic hazard estimates will supersede the existing EPRI, Lawrence 
Livermore National Laboratory, and USGS hazard estimates used in the GI-199 
safety/risk assessment. 

 
• Certain factors that affect the development of realistic SCDF estimates will remain 

unresolved even after the new consensus seismic hazard estimates are developed. The 
issue is primarily that many IPEEEs did not produce SCDF estimates and so lack some 
of the information needed to produce such estimates. 

 
o For a number of the plants that performed reduced-scope seismic margin 

analyses as part of the IPEEE Program, limited detailed information exists about 
plant seismic capacity (the ability of a plant’s SSCs to successfully withstand an 
earthquake) beyond the required design-basis level. 

 
o The approach used in the safety/risk assessment to estimate SCDF considered 

the plant-level seismic capacity and, therefore, did not provide insight into which 
SSCs were important to seismic risk. Such knowledge would be required in order 
to postulate potential cost-beneficial backfits. 

 
• IPEEE submittals generally provided limited, qualitative information about the seismic 

capability of containments. Any regulatory analysis of GI-199 should consider potential 
plant modifications for reducing the probability of seismically induced containment failure 
as discussed in Section 3.3.1 of NUREG/BR-0058, “Regulatory Analysis Guidelines of 
the U.S. Nuclear Regulatory Commission,” Revision 4, issued September 2004. 1977 

 
Conclusion 
 
The panel recommended transferring the lead responsibility for subsequent GI-199 actions to 
NRR for regulatory office implementation and taking further actions to address GI-199 outside 
the Generic Issues Program (i.e., obtain information and develop methods, as needed, to 
complete plant-specific value/impact analyses of potential backfits to reduce seismic risk).  
 
The NRC issued information notices in September 2010 to inform stakeholders of the issuance 
of the GI-199 safety and risk assessment report. Information Notice 2010-18, “Generic 
Issue 199, ‘Implications of Updated Probabilistic Seismic Hazard Estimates in Central and 
Eastern United States on Existing Plants,’” dated September 2, 2010, 1978 was issued to NPPs 
and independent spent fuel storage installations (ISFSI). It stated that the NRC will follow the 
appropriate regulatory process to request operating plants and ISFSIs to provide specific 
information relating to their facilities to enable the NRC staff to complete the regulatory 
assessment where candidate backfits are identified and evaluated. Information Notice 2010-19, 
“Updated Probabilistic Seismic Hazard Estimates in Central and Eastern United States,” dated 
September 16, 2010, 1979 was issued to fuel cycle facilities. GI-199 is in the regulatory office 
implementation stage, in accordance with Management Directive 6.4.1858   
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TASK HF2: TRAINING 

 
 
In response to Section 306 of the Nuclear Waste Policy Act of 1982, the Commission published a 
"Policy Statement966 on Training and Qualification of Nuclear Power Plant Personnel, March 1985. 
This Policy Statement endorsed the INPO Accreditation Program as a means of ensuring that the 
five essential elements of performance-based training, as described in the Policy Statement, are 
met in industry training. The continuation of this endorsement is based on the suc-cess of industry 
programs after a 2-year period during which the NRC will con-tinue to evaluate applicant and 
licensee implementation of improvement programs. Revisions to SRP11 Section 13.2 will also be 
prepared.  
 
Two new inspection procedures have been completed and issued for regional use: IP 41701, 
"Licensed Operator Training," and IP 41400, "Nonlicensed Staff Training." These procedures 
emphasize evaluation of licensee staff performance and exclusively cover training areas subject 
to INPO accreditation. This task was identified as three distinct items in Table 7 of the NRC 1985 
Annual Report (Items 2.1, 2.2, and 2.3). The following is a discussion of these three items. 
  
 
ITEM HF2.1: EVALUATE INDUSTRY TRAINING  
 
Description 
 
The staff published NUREG-1220993 to be used for post-accreditation review of those training 
programs included in the Policy Statement.966  While the purpose of these reviews was to evaluate 
the thoroughness of the INPO accreditation procedures, the criteria also would enable the staff to 
conduct independent evaluations of nuclear utility training programs. In addition to these reviews, 
the evaluation of industry training included such criteria as inspection reports, license examination 
results, event-based reviews, and SALP reports for both accredited and non-accredited programs.  
 
In the Supplement to NUREG-0933 published in 1986, staff stated that the NRC effort on this item 
was ongoing and would be reassessed after the 2-year evaluation period. This item is related to 
increasing knowledge, certainty, and understanding of safety issues in order to increase 
confidence in assessing levels of safety and is, therefore, considered a licensing issue.  
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ITEM HF2.2: EVALUATE INPO ACCREDITATION 
 
Description 
 
In addition to the evaluation of industry training programs using NUREG-1220,993 NRC observers 
accompany INPO evaluation teams during their review of utility training programs to determine 
whether the INPO teams conduct a thorough review of training programs using the INPO criteria 
and objectives for accreditation.  The staff also observes the meetings of the National Nuclear 
Accrediting Board to determine its effectiveness in making decisions to accredit industry 
programs.  
 
In the Supplement to NUREG-0933 published in 1986, staff stated that the NRC effort on this item 
was ongoing and would be reassessed after a 2-year period. This item is related to increasing 
knowledge, certainty, and understanding of safety issues in order to increase confidence in 
assessing levels of safety and is, therefore, considered a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM HF2.3: REVISE SRP SECTION 13.2 
 
Description 
 
In the Supplement to NUREG-0933 published in 1986, staff stated that the staff would revise 
SRP11 Section 13.2 to be consistent with the Commission policy to encourage performance-based 
training in nuclear power plants. This effort was ongoing and would be reassessed when Items 
HF2.1 and HF2.2 and final rulemaking for revisions to operator licensing (10 CFR 55 and 
conforming amendments) were completed. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 



 Revision 2 

September 30, 2011 4.HF2-3 NUREG-0933 

November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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TASK HF4: PROCEDURES 

 
 
This task was developed to provide assurance that plant procedures were adequate and could be 
used effectively. The objective was to provide procedures that would guide operators in 
maintaining plants in a safe state under all operating conditions, including the ability to control 
upset conditions without first having to diagnose the specific initiating event. This objective was to 
be met by: (1) developing guidelines for preparing, and criteria for evaluating, EOPs, normal 
operating procedures, and other procedures that affect plant safety; and (2) upgrading the 
procedures, training the operators in their use, and implementing the upgraded procedures. This 
task was divided into five distinct items as discussed below. 
 
 
ITEM HF4.1: INSPECTION PROCEDURE FOR UPGRADED EMERGENCY 
OPERATING PROCEDURES 
 
Description 
 
Criteria to evaluate and inspect EOPs by the regions were prepared by NRR and OIE and 
published as an OIE Temporary Instruction (TI). Similar criteria and inspection modules were to 
be developed when the guidelines for the upgrading of other procedures were completed. 
 
In December 1982, Supplement 1 to NUREG-073798 was issued as Generic Letter 82-33376 with a 
requirement for each plant to submit a Procedures Generation Package (PGP) as a part of the 
effort to upgrade EOPs; the generic letter also indicated that the NRC would audit upgraded EOPs 
on a selective basis. In 1984, the NRC began auditing upgraded EOPs. After conducting several 
audits, the staff issued Information Notice No. 86-641210 to advise the industry that there were 
indications that many licensees were not appropriately developing and implementing upgraded 
EOPs. Based on the deficiencies identified in the Information Notice, the staff concluded that 
some licensees might not have appropriately developed and implemented upgraded EOPs in 
accordance with their PGPs. The staff decided to: (1) continue with its audit program to further 
determine the scope and safety significance of the deficiencies identified in the Notice;1210 and 
(2) conduct inspections at all plants to evaluate the implementation of licensee commitments to 
develop and implement upgraded EOPs. 
 
Conclusion 
 
This issue was given a high priority ranking and pursued by the staff. In June 1986, the staff 
prepared TI 2515/79 which contained criteria for inspecting how well licensees were complying 
with their PGP commitments. In April 1987, the staff issued a supplement to its first Information 
Notice1210 based on evaluations from 6 additional plants. In early 1988, the staff suspended its 
program to evaluate licensees' compliance with programmatic requirements (i.e., PGPs) and 
redirected its efforts to focus more on the technical adequacy and useability of the EOPs. Lessons 
learned by the staff from its inspection program for EOPs were published in NUREG-1358.1209 TI 
2515/92,1209 "Emergency Operating Procedures Team Inspections," contains guidance for 
conducting these inspections. Based on the results from this inspection program of 28 plants, 
NRR was responsible for developing  a program of inspections for the remaining plants. Thus, this 
issue was RESOLVED and no new requirements were established.1208 
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ITEM HF4.2: PROCEDURES GENERATION PACKAGE EFFECTIVENESS 
EVALUATION 
 
Description 
 
To evaluate the effectiveness of the NRC's long-term program for upgrading EOPs, the staff 
audited the implementation of PGPs at selected plants. PGPs describe a plant's program for 
adapting generic technical guidelines to develop the technical content of plant-specific EOPs and 
applying human factors principles to produce EOPs that are useable by operators. Six audits were 
performed and additional audits were planned before an assessment of the program was 
completed. 
 
Based on input from sources including PGP implementation audits, staff PGP reviews, and 
license examiners, the staff identified problems that plants were experiencing with implementing 
their PGPs. To alert the industry to these problems, the staff issued Information Notice No. 86-
64.1210  Progress by the industry in addressing the problems identified in the Notice were to be 
monitored by inspections, additional PGP implementation audits, and through continued dialogue 
with the industry.  
 
Conclusion 
 
This item was related to increasing the staff's knowledge, certainty, and understanding of safety 
issues in order to increase its confidence in assessing levels of safety and, therefore, was 
classified as a Licensing Issue. 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM HF4.3: CRITERIA FOR SAFETY-RELATED OPERATOR ACTIONS 
 
Description 
 
A safety evaluation standard was to be developed to screen licensee proposals to place additional 
burdens upon operators. Licensees proposing to resolve severe accident issues or other generic 
safety issues by adding to EOPs and training, in lieu of hardware fixes, were expected to utilize 
the standard to verify that the additional burdens placed upon operators did not overload the 
operators, and that the additional operator responsibilities were adequately covered in procedures 
and training. This standard was to be applied to any licensee proposing to add additional operator 
responsibilities as part of the resolution of a generic safety issue; the staff did not anticipate that it 
would be applied retroactively to DBAs or existing EOPs. The standard would not impose 
requirements upon plant design or operation directly, but could narrow the range of options 
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available to resolve other issues. The likely form of the standard was believed to be an SRP11 
Section. 
 
Conclusion 
 
This item was covered in Issue B-17. 
 
ITEM HF4.4: GUIDELINES FOR UPGRADING OTHER PROCEDURES 
 
Description 
 
On the basis of efforts to evaluate the quality of, and the problems associated with, existing plant 
procedures, NRR evaluated the need to develop technical guidance for use by the industry in 
upgrading normal operating procedures and abnormal operating procedures (AOPs) similar to 
what the staff completed for EOPs. The staff was to perform a regulatory analysis to determine 
whether regulatory action for other plant procedures was warranted and, if so, develop formal 
regulatory requirements. 
 
Conclusion 
 
This issue was given a high priority ranking and RESOLVED with no new requirements.1562 The 
staff prepared a summary of good practices that licensees could use in performing any voluntary 
upgrade of procedures.1576 In an RES evaluation,1564 it was concluded that consideration of a 20-
year license renewal period did not affect the resolution. 
 
 
ITEM HF4.5: APPLICATION OF AUTOMATION AND ARTIFICIAL INTELLIGENCE 
 
Description 
 
The level of automation possible within the nuclear industry spans a range of possibilities from the 
fully manual, with locally operated valves, to the fully automated, employing artificial intelligence 
(AI). The nuclear industry is basically at the one-switch one-valve end of that range. The reliability 
of AI for safety-related uses was unproven; however, evidence from other industries suggested 
that there can be significant savings in operating costs as well as an enhancement in safety with 
increased automation of operator actions. Reducing the menial level workload of operators could 
provide better low-level control and fewer operator errors. Such automation can also free 
operators to concentrate on the cognitive level of operations. The subject of automation and AI 
affects control room design, operating procedures, and other operator aids, staffing, and training. 
The staff was to investigate the benefits and hazards of increased automation in the nuclear 
industry and consider incentives to encourage the movement toward automation as a means of 
increasing plant safety.  
 
Conclusion 
 
This item was covered in Item HF5.2. 
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TASK HF7: HUMAN RELIABILITY 

 
 
The primary purposes of this task are to develop a technical support system for NRC reliability 
evaluations, especially the PRA programs, and to provide feedback links from operating 
experience to other elements of the human factors program. A secondary goal is to develop 
approaches for employing human error data as baseline performance measures in man-machine 
safety system evaluations. 
 
 
ITEM HF7.1: HUMAN ERROR DATA ACQUISITION 
 
Description 
 
Staff stated in the Supplement to NUREG-0933 published in 1986 that ongoing and planned 
activities were designed to provide NRC reliability evaluation programs with methods and 
techniques for acquiring reliable human error data from a variety of nuclear power related 
sources. Significant research involved developing guidelines for acquiring human error data from 
expert judgment, training simulators, operating nuclear power plants using LER data, and from a 
non-punitive reporting concept. 
 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM HF7.2: HUMAN ERROR DATA STORAGE AND RETRIEVAL 
 
Description 
 
Staff stated in the Supplement to NUREG-0933 published in 1986 that activities were designed to 
provide the NRC with a human reliability data bank for use in processing human error data for use 
by reliability evaluation specialists.  Planned activities included developing methods and 
procedures for computing human error probability statements from diverse information sources 
and storing, updating and retrieving human error probability statements and related information. 
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This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM HF7.3:  RELIABILITY EVALUATION SPECIALIST AIDS 
 
Description 
 
Staff stated in the Supplement to NUREG-0933 published in 1986 that  that a comprehensive and 
accurate analysis of human behavior sequences leading to recognition, diagnosis and reaction to 
nuclear power station normal, transient and emergency events was necessary for risk 
assessment. Analytic techniques and methods for portraying adequately the human segments of 
those events were needed, especially events involving redundant or interdependent actions by 
individuals or groups. Also needed were techniques for analyzing cognitive and performance 
shaping factor (e.g., stress, fatigue, attitude) aspects of human behavior. Significant research 
activities in this area involved: (1) developing techniques for analyzing safety-related events, 
especially those involving redundancy and/or interdependent actions; and (2) investigating the 
feasibility of objectively analyzing cognitive and performance shaping aspects of human behavior 
within the content of NRC reliability evaluation programs, especially PRAs. 
 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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ITEM HF7.4: SAFETY EVENT ANALYSIS RESULTS APPLICATION 
 
Description 
 
The PRAs are a potential source of quantitative and qualitative human performance data, both 
generic and plant-specific. Staff stated in the Supplement to NUREG-0933 published in 1986 that 
human reliability research would be directed toward developing and testing approaches and 
techniques for systematically using human performance data from PRAs to: (1) identify generic 
and plant-specific man-man and man-machine safety system retrofit requirements, (2) establish 
objective baseline performance measures for evaluating plant retrofits, and (3) identify future 
human reliability/human factors research needs. 
 
This item is related to increasing knowledge, certainty, and understanding of safety issues in order 
to increase confidence in assessing levels of safety and is, therefore, considered a licensing 
issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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TASK CH1: ADMINISTRATIVE CONTROLS AND OPERATIONAL  

 
 
This task, outlined in Chapter 1 of NUREG-1251,1174 called for the staff to review the 
administrative controls over plant operations in the U.S. to determine if adequate controls are in 
place to maintain plant conditions within the safe operating envelope. This review will include an 
assessment of procedural adequacy and compliance, approval of tests, bypassing of safety 
systems, availability of engineered safety features (ESF), operating staff attitudes toward safety, 
management systems, and accident management. 
 
 
ITEM CH1.1: ADMINISTRATIVE CONTROLS TO ENSURE THAT PROCEDURES 
ARE FOLLOWED AND THAT PROCEDURES ARE ADEQUATE  
 
This item consists of two recommendations that are evaluated separately below. 
 
ITEM CH1.1A: SYMPTOM-BASED EOPs 
 
Description 
 
During the Chernobyl event, serious operational errors aggravated the emergency situation that 
existed and were considered to be a major contributor to the disastrous consequences that 
ensued. Although design and operational control protections at U.S. reactors provide assurance 
against the chain of events that occurred at Chernobyl, the Chernobyl experience suggests that 
closer attention should be paid to effective emergency procedures and the ability of operators to 
use them. Symptom-based EOPs and their full implementation are a key part of the necessary 
preparedness for effective management of emergencies. Recent audits by the NRC have 
identified deficiencies in the implementation of the new symptom-based EOPs. In addition, NRC 
examinations have identified the need for additional training in the use of these EOPs. The staff 
has undertaken an accelerated inspection program of EOPs which is aimed at evaluating their 
technical correctness and their ability to be physically and correctly carried out. This program 
consists of a four-team effort encompassing four units of each of the four reactor vendor types. 
Possible regulatory action to upgrade this program or possible further study of any inconclusive 
results will be considered following staff review of the results of this inspection program. 
 
Staff stated in the Supplement to NUREG-0933 published in 1989 that this issue was directed 
toward integration of Chernobyl lessons into the staff's EOP effort and was expected to increase 
the staff's knowledge, certainty, and understanding of safety issues in order to increase its 
confidence in assessing levels of safety. Therefore, it was considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
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November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM CH1.1B: PROCEDURE VIOLATIONS 
 
Description 
 
Procedure violations at nuclear power plants are committed by licensed and auxiliary operators, 
plant technicians, maintenance personnel, and contractors. While the NRC believes that these 
violations are infrequent and only rarely occur with the knowledge that they are being committed, 
the exact nature and extent of these violations and their consequences are basically unknown. At 
Chernobyl, serious procedure violations were a key factor in the cause of the accident.  This issue 
called for the staff to identify procedure violations committed at nuclear power plants, evaluate 
their consequences, and, if warranted, recommend options for regulatory actions to minimize 
future violations. The staff will focus initially on those procedure violations associated with reactor 
scrams or scram signals and will address the following: 
 
(a) Analyze incident reports and other descriptions of major events and identify procedure 

violations that contributed to initiation of the events or that occurred during the events. 
 
(b) Conduct a literature search for other sources of documented procedure violations 

associated with reactor scrams or scram signals. 
 
(c) Review the special study AEOD/S8011176 for incidences of procedure violations. 
 
(d) Develop Sequence Coding and Search System (SCSS) search criteria and review LERs 

for reports of procedure violations. The LER search will be limited to the period 1983 to the 
present. 

 
(e) Analyze the above data and develop and implement an approach for their presentation 

that will provide: (1) the kinds of procedure violations and the personnel involved; (2) the 
frequency of procedure violations involving reactor scrams; (3) the consequences of these 
violations, including challenges to ESF, and actual or potential releases of radioactive 
materials; and (4) the frequency of procedure violations with significant consequences. 

 
Staff stated in the Supplement to NUREG-0933 published in 1989 that in pursuing this issue, the 
staff was expected to increase its knowledge, certainty, and understanding of safety issues in 
order to increase its confidence in assessing levels of safety. Therefore, the issue was considered 
to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
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November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM CH1.2: APPROVAL OF TESTS AND OTHER UNUSUAL OPERATIONS 
 
This item consists of two recommendations that are evaluated separately below. 
 
ITEM CH1.2A: TEST, CHANGE, AND EXPERIMENT REVIEW GUIDELINES 
 
Description 
 
Planned tests and experiments not described in licensees' SARs and changes to facilities and 
procedures described in these reports are required to be evaluated beforehand by licensees, in 
accordance with 10 CFR 50.59, to assure their safety and that the NRC is afforded the opportunity 
to review them where appropriate. Thousands of these reviews are successfully conducted by 
licensees each year; however, in some instances, these reviews have not been adequate. As a 
result, the NRC was not always afforded the opportunity to review those tests, experiments, and 
changes that involved an unreviewed safety question before they were performed. Without 
appropriate reviews by licensees and the NRC, tests could be performed without adequate safety 
provisions or some safety features could be unacceptably altered, a condition that could remain 
undetected for lengthy periods. The Chernobyl accident occurred during a test and the lack of 
adequate planning review, preparation, and implementation of the test emphasizes the need for 
attention to this issue. 
 
The need for review guidance for tests, changes, and experiments was identified before the 
Chernobyl accident and is being addressed by a NUMARC/NSAC Working Group and by the 
NRC Technical Specifications Branch in the Technical Specifications Improvement Program 
(TSIP). Staff stated in the Supplement to NUREG-0933 published in 1989 that the 
NUMARC/NSAC Working Group would develop draft criteria and guidelines and provide them to 
the industry and the NRC for review and comment. When acceptable to the Working Group and a 
consensus of the industry agreed, the NRC would review the guidance document which would be 
made available to all licensees and might be supplemented if necessary to permit NRC 
endorsement.  The industry and the NRC would use the guidance in their review of tests, 
experiments, and changes required by 10 CFR 50.59. The scope of this issue was limited to 
coordination to assure appropriate introduction of Chernobyl lessons into the ongoing program. 
 
In pursuing this issue, the staff was expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue was considered to be a licensing issue. 
 
Conclusion 
 
An NRC Working Group consisting of seven members and two ad hoc members was formed in 
July 1987 to coordinate with NUMARC/NSAC the development of guidance for 10 CFR 50.59 
reviews including tests, experiments, and changes and to recommend an endorsable product to 
NRC management. Regional coordinators were named to interact with the Working Group and to 
assist it in various requests, including comment requests on NUMARC/NSAC draft documents. 
Two drafts of the NUMARC/NSAC Working Group "10 CFR 50.59 Guidance Document" were 
forwarded to the NRC for comment. 
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As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH1.2B: NRC TESTING REQUIREMENTS 
 
Description 
 
There is a potential for human error when conducting tests to assess equipment capabilities. This 
potential represents a risk to plant safety which can vary in severity depending both on the nature 
of the tests and the circumstances associated with them. Tradeoffs between the risks of not 
testing or of testing at a lesser frequency and the risks associated with such testing have not 
always been assessed. The Chernobyl accident occurred when the unit was used for a test.  This 
issue called for the staff to determine if there are any post-startup equipment tests whose conduct 
presents a sufficient potential impact on plant safety to suggest either their modification, reduced 
frequency, or elimination. 
 
Staff stated in the Supplement to NUREG-0933 published in 1989 that the staff would review 
NRC-required post-initial-startup equipment tests at nuclear power plants to identify those tests 
where human error could result in risks to plant safety. For this issue, "risk to plant safety" was 
defined as a reactor scram or scram signal, a challenge to ESF, unanticipated releases of 
radioactive materials, or any other evident unacceptable plant condition. The staff would quantify 
the potential risk for such tests and recommend a revised testing requirement for those with 
excessive risk. In resolving this issue, the staff will: 
 
(a) Devise search criteria and conduct a search of the SCSS data bank of LERs to identify 

reported cases of human error associated with the conduct of plant equipment tests. The 
search will cover the period 1984 to the present. 

 
(b) Screen the LER data collected to identify for further study those errors that resulted in 

reactor trips, challenges to ESF, unanticipated releases of radioactivity, or other evident 
unacceptable plant conditions. The objective is to order the LERs in terms of their results 
and to screen out those human errors, e.g., failure to conduct a test on time, which have 
no immediate consequence potential. 

 
(c) Conduct a literature search for other analyses or descriptions of human error and resulting 

non-trivial consequences associated with plant testing. 
 
(d) Using the above data, prepare a preliminary estimate of the potential risk to plant safety 

caused by human error during equipment testing. This estimate should support a 
recommendation to terminate this issue or to continue with more detailed risk/benefit 
analyses that could provide additional scope to the Performance Evaluation of Technical 
Specifications (PETS) program or support revisions to NRC testing policy. 
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In pursuing this issue, the staff was expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue was considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH1.3: BYPASSING SAFETY SYSTEMS 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM 1.3A: REVISE REGULATORY GUIDE 1.47 
 
Description 
 
The bypassing of safety functions by inadvertently bypassing redundant divisions of safety 
systems for test or maintenance purposes should be prevented. Safety system bypass was a key 
part of the cause of the Chernobyl accident. This issue called for the staff to recognize the lessons 
of Chernobyl in ongoing work to revise and improve Regulatory Guide 1.47.150 Staff stated in the 
Supplement to NUREG-0933 published in 1989 that the scope of this issue included improved 
methods for indication of individual division bypass conditions and improved administrative 
controls over individual division bypasses. Completion of this issue would also resolve TMI Action 
Plan48 Item I.D.3, "Safety System Status Monitoring." In revising Regulatory Guide 1.47,150 the 
staff would: (a) evaluate the implications of bypassing safety systems; (b) recommend improved 
procedures and methods to prevent inadvertent bypassing of safety functions during test or 
maintenance; and (c) prepare revised Regulatory Guide 1.47 to reflect (a) and (b). 
 
In pursuing this issue, the staff was expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue was considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
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November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
 
ITEM CH1.4: AVAILABILITY OF ENGINEERED SAFETY FEATURES 
 
This item consists of three recommendations that are evaluated separately below. 
 
ITEM CH1.4A: ENGINEERED SAFETY FEATURE AVAILABILITY 
 
Description 
 
ESF equipment needed to mitigate DBAs and transients currently have operability requirements in 
the TS to assure their availability for all modes of operation. In some instances, all of this 
equipment has not been evaluated in light of the need for its availability for plant shutdown modes. 
This issue called for the staff to evaluate and specify operability (availability) requirements for 
those ESF and support systems needed to mitigate DBAs and transients. 
 
The issue will be addressed in the TSIP and is part of an overall program to ensure that the 
Owners' Groups and individual licensees specify the appropriate plant status modes for ESF 
equipment. In some of the older TS, mode requirements for operability may not be specified for 
other than the power operating mode.  In the rewrite of the "Bases" sections of the TS, the 
reasons for LCOs will be included. Where the mode is currently absent or is inappropriately 
specified, the Bases will be clarified to identify required ESF equipment for each operational 
condition. However, ESF-required availability will only be addressed with respect to DBAs and 
transients and initial conditions (modes) currently analyzed in FSARs. 
 
Reactor-vendor-based Owners' Groups will be permitted to remove those specifications in current 
STS that do not meet Commission criteria for what should be included in the TS. Requirements 
remaining in the TS will be rewritten and improved. Each rewritten and improved TS must have a 
Bases section that not only explains why a TS is needed, but also explains the plant conditions for 
which it is needed. This need will be evaluated for all of the operating modes of the plants. 
 
Licensees will be encouraged to convert to the new STS and conduct similar upgrades for plant-
unique specifications that meet the NRC criteria for the TS. These plant upgrades will be done on 
a voluntary basis. Those licensees participating will have appropriate ESF operability 
requirements specified for plant conditions where equipment could be needed for accident 
mitigative purposes. Upgraded plant-unique TS will also be evaluated. If significant ESF 
availability disparities are disclosed in this upgrade, they will be recommended for backfit on non-
program participants' TS as the need arises. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
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Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH1.4B: TECHNICAL SPECIFICATIONS BASES 
 
Description 
 
Current TS Bases do not always provide a clear and comprehensive discussion linking specific 
requirements to the safety analysis assumptions they are derived from. This can result in 
operators not being as aware as possible of the safety significance of certain types of TS 
violations, an issue that may have had a counterpart at Chernobyl. It can also result in TS 
changes being proposed without adequate consideration of all the relevant safety issues. This 
issue called for the staff to develop an upgraded set of Bases for the STS to provide a clearer link 
between requirements and the safety analysis. The upgraded standard Bases will be made 
available to individual licensees for the purpose of adapting them to their plants as part of a 
voluntary industry-wide program to improve the TS. 
 
It is planned that a separate set of upgraded standard Bases will be developed for each LWR 
design. The upgraded Bases will be developed as part of an ongoing joint NRC/Industry Technical 
Specifications Improvement Program (see SECY-86-310) that was initiated prior to the Chernobyl 
event. This is a program whereby the industry/utility owners' groups will completely rewrite the 
STS (including the Bases), making improvements in both format and content. 
 
Once the new STS are developed, it is expected that most utilities will voluntarily elect to adopt 
them for their plants. Any decision to require an individual licensee to convert to the new STS will 
be made in accordance with the Backfit Rule (10 CFR 50.109). This issue is limited to the 
introduction of Chernobyl lessons into the staff's ongoing work and no separate work beyond that 
already started under the TSIP is planned. The Bases rewrite part of the Improvement Program 
will be comprehensive. A clear one-to-one relationship between TS requirements and the safety 
analysis will be documented in a carefully formatted Bases section for each TS. Separate Bases 
subsections will be written to address separate parts (i.e., LCOs, Action Statements, and 
Surveillance Requirements) of each plant's TS. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue is considered to be a licensing issue. 
 
Conclusion 
 
As reported in the Supplement to NUREG-0933 published in 1989, no incremental work 
attributable to Chernobyl lessons would be necessary to complete this issue. The only additional 
resources necessary would be those required to report progress against the Chernobyl Follow-up 
Research Plan and write a closeout report. 
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As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH1.4C: LOW POWER AND SHUTDOWN 
 
Description 
 
The Chernobyl event occurred when the unit was in a state of low power. In contrast, most 
regulatory attention and virtually all PRAs have focused on a state of full power operation. This 
issue called for the staff to perform an analysis of the core damage frequency and risk associated 
with a plant being in a state of low power or shutdown. The staff will examine the probabilistic risk 
from potential accidents initiated during shutdown and low power conditions at the Surry nuclear 
power plant. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue is considered to be a licensing issue. 
 
Conclusion 
 
As reported in the Supplement to NUREG-0933 published in 1989, the contract work on this task 
was being done as a part of the Accident Sequence Evaluation Program. Potential reactivity 
accident sequences that could originate at low or zero power were included in the scope of Item 
CH2.1A, "Reactivity Transients," the results of which might provide input to this issue. 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH1.5: OPERATING STAFF ATTITUDES TOWARD SAFETY 
 
Description 
 
A significant aspect of the Chernobyl accident involved operator decisions and actions that 
reflected an apparent loss of the sense of vigilance toward safety and ultimately led to operators 
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allowing operations outside the safe operating envelope. Some potential causes of this 
unacceptable attitude were: (1) pressure on the operators to complete a test during the reactor 
shutdown as the next opportunity would have been more than a year away; (2) test delay may 
have aggravated operator impatience and contributed to a "mindset" that led to imprudent safety 
actions; (3) operators, being so intent on establishing acceptable power level for the test, may 
have ignored the unstable state of the reactor; and (4) a clear failure to appreciate the basic 
reactor physics of the RBMK reactor. The accident raised the question whether licensed 
operators, senior operators, and other staff at nuclear power plants in the U.S. have and maintain 
an acceptable level of vigilance toward safety when operating commercial nuclear power plants. 
 
In pursuing this issue, the staff increased its knowledge, certainty, and understanding of safety 
issues in order to increase its confidence in assessing levels of safety. Thus, the issue was 
considered to be a licensing issue. 
 
Conclusion 
 
The staff believes that safeguards against unacceptable operator and plant personnel attitudes 
toward safety are adequate. This conclusion is based on the significant increase in the quality of 
training, industry initiatives in accrediting training programs, and regulatory and industry oversight 
inspections.  Thus, this Licensing Issue has been resolved. 
 
 
ITEM CH1.6: MANAGEMENT SYSTEMS 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH1.6A: ASSESSMENT OF NRC REQUIREMENTS ON MANAGEMENT 
 
Description 
 
Management oversight at all levels must be effective to ensure that tests, maintenance, and 
operations are conducted safely and that NRC requirements are enforced. The NRC is developing 
improved methods of monitoring licensee management performance to give early warning of 
management problems and to initiate enforcement mechanisms. It is also important to ensure that 
the monitoring and evaluation of management systems consider management capability to handle 
emergencies and the immediate effects of an accident. Issues of importance include management 
measures to ensure the availability of personnel capable of handling emergencies, planning for 
the operation of plant controls and systems with severe core damage, and plant staff training for 
operation under severe emergency conditions. At the same time, it is important that NRC-imposed 
requirements on management be reasonable and without excessive burdens that could divert 
from critical responsibilities. Management failure to recognize and respond appropriately to 
hazardous conditions was a major factor in the Chernobyl accident. This issue called for the staff 
to ensure that NRC research programs involving the review or evaluation of utility management 
include the management issues arising from the Chernobyl event, with particular attention to 
matters important to safety and to avoidance of excessive burdens that could divert that attention. 
 
The staff will coordinate activities of the following research programs that focus on the 
performance of utility management to ensure that the concerns of this issue are being addressed 
cohesively:  (1) Management/Organization Influence on Human Error Rates; and (2) 
Programmatic Performance Indicators. Activities of any new research programs in this area, e.g., 
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Severe Accident Management, will be coordinated for the same purpose. The staff will also 
coordinate the development of the following evaluation techniques: 
 
(a) Management capability to handle severe accidents of the Chernobyl scale; (b) Management 
measures requiring the availability of personnel capable of handling emergencies of the type 
experienced at Chernobyl; (c) Management programs for training personnel to handle 
emergencies; and (d) Management plans for the operation of plant controls and systems to cope 
with severe core damage. Coordination will be extended to the following identified user needs as 
these needs are translated into research programs:  (1) Operator Performance Under Stress of 
Emergency Operations; and (2) Severe Accident Management. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
 
ITEM CH1.7: ACCIDENT MANGEMENT 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH1.7A: ACCIDENT MANAGEMENT 
 
Description 
 
The consideration of severe accidents in current symptom-based procedures typically does not go 
beyond the area of inadequate core cooling. This issue called for the staff to coordinate NRC 
research activities and programs dealing with severe accident management to ensure the 
appropriate incorporation of insights gained from the Chernobyl event. This may involve the 
review of severe accident management programs that may be implemented at existing nuclear 
power plants. The staff will: (a) assist in scoping the training, organization and habitability 
elements of new research programs addressing severe accident management to incorporate the 
Chernobyl lessons learned; (b) review ongoing NRC severe accident management programs and 
recommend modifications as needed to include the insights gained from the Chernobyl event; and 
(c) participate in NRC reviews of individual plant severe accident management programs and 
determine the extent to which these programs have taken advantage of the insights gained from 
the Chernobyl event. 
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In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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TASK CH2: DESIGN  

 
 
The Chernobyl Unit 4 accident was a prompt critical reactivity excursion that occurred when the 
operators reduced power to well below the permissible safe operating level and, at the same time, 
neglected to follow low power operating procedures. Unit 4 shared a site with Units 1, 2, and 3 
and was contiguous with Unit 3 with which it also shared some common elements. All three of the 
other units were exposed to some danger from the accident. Fires aggravated the accident and 
complicated its management and consequences. In this task, outlined in Chapter 2 of NUREG-
1251,1174 the staff will compare the design features of U.S. reactors with those of the Chernobyl 4 
reactor in looking for possible regulatory changes implicit in the accident. 
 
 
ITEM CH2.1: REACTIVITY ACCIDENTS 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH2.1A: REACTIVITY TRANSIENTS 
 
Description 
 
In light of Chernobyl, it is necessary to examine some of the multiple-failure reactivity transients 
using PRA tools to reconfirm previous judgments. This item called for the staff to perform a study 
to estimate probability levels of certain reactivity transients. If any events appear to fall within the 
probability levels of NRC guidelines and involve a significant potential for extensive core damage, 
they might become a basis for changing design or operational limits. The study will include both 
probabilistic analyses to estimate the frequency of an event and deterministic analyses to assess 
the potential consequences. The events of interest are those in which there is a relatively large 
reactivity insertion and/or the response of the shutdown system may be inadequate. Identified 
events of interest are: 
 
BWRs 
 

• Multiple rod drop 
• Control rod ejection 
• Overpressurization with limited relief 
• Boron dilution during anticipated transient without scram (ATWS) 
• ATWS without recirculation pump trip 
• Multiple rod bank withdrawal 
• Reactivity events with more than one rod stuck out 

 
PWRs 
 

• Multiple rod blank withdrawal ATWS 
• Multiple rod ejection (low power) 
• Injection of cold, unborated emergency cooling water 
• Injection of cold, unborated water due to SGTR 
• Unlimited boron dilution 
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• Rod withdrawal, heatup or depressurization from low temperature with positive moderator 
temperature coefficient 

• ATWS with less negative moderator temperature coefficient 
• Reactivity events with more than one rod stuck out 

 
In addressing this issue, the staff will focus attention on sequences that might involve a positive 
void coefficient or moderator temperature coefficient, that might arise in connection with deliberate 
bypassing or disabling of any safety feature, and whose causes include human error 
(commission, omission, or misjudgment). 
 
The six parts of this issue are as follows: 
 
I. Establishment of Criteria:  Criteria will be established to judge whether a particular 

sequence needs further examination by the NRC. 
 
II. Selection of Events:  Sequence of event trees will be developed for the events identified 

above and critical sequence paths will be determined for different modes of reactor 
operation in light of positive moderator temperature coefficient, deliberate bypassing or 
disabling of any safety feature and human errors including commission, omission, and 
misjudgments. One typical Westinghouse PWR (Byron) and one typical BWR (Peach 
Bottom) were chosen to be analyzed. If certain sequences in certain events are important, 
analyses will be extended to other types of plants. 

 
III. Probabilistic Quantification of Events:  The accident sequences that emerge from Part II 

will be quantified to establish those that meet criteria in Part I above. The quantification 
process will involve a detailed search of various data bases to obtain failure rates and 
event probabilities. If the data base is not available, such as in the case of human errors, 
conservative assumptions will be made. 

 
IV. Physical Assessment of Events:  For each sequence of events for which the frequency of 

occurrence is either unknown or expected to be significant according to the criteria of Part 
I, a deterministic analysis will be made. Key parameters will be determined and their 
limiting values quantified. The quantification will be done primarily by using results of 
analyses which have already been performed for other purposes. 

 
V. Preparation of Report:  A draft report will be prepared integrating the above described 

tasks. 
 
VI. Final Report:  A final report will be prepared after comments. 
 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
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November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH2.2: ACCIDENTS AT LOW POWER AND AT ZERO POWER 
 
Description 
 
One of the unique aspects of the Chernobyl accident is that it occurred at relatively low power 
(<7%). This has caused some concern because low power operation is generally considered to be 
a safer condition than high or full power operation. The principal effect of low power on the 
Chernobyl accident was related to nuclear/thermohydraulic stability and reactivity insertion. These 
effects were addressed in Item CH2.1. Another important aspect of low power or zero power 
operation is the availability of safety systems. Items CH1.3 and CH1.4 specifically address the 
subjects of bypassing and availability of safety systems. Different safety systems may be used to 
provide protection for low power and shutdown (zero power) events than are used for high power 
events. TS prescribe the conditions for bypassing and activating the various systems and their 
completeness is also addressed in Items CH1.3 and CH1.4. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
Accident initiators at low power are covered in Item CH1.4 which is to be coordinated with the 
Severe Accident Program. The results of Item CH1.4 will be made available to the industry to help 
develop TS improvements if necessary. 
 
 
ITEM CH2.3: MULTIPLE-UNIT PROTECTION 
 
The radioactive gas and smoke released during the accident at Chernobyl Unit 4 spread to the 
other three operating units at the site. The airborne radioactive material was transported to the 
other units through a shared ventilation system as well as by way of general atmospheric 
dispersion paths. This raises the question of how accidents at one unit of a multi-unit site affect 
the remaining units and additional questions of how these effects may be compounded when 
structures, systems, and components are shared between units. This item consists of four 
recommendations that are evaluated separately below. 
 
 
ITEM CH2.3A: CONTROL ROOM HABITABILITY 
 
Description 
 
The objective of this issue is to estimate what effects an accident at one unit of a multi-unit site 
could have upon the ability of site personnel to maintain the remaining units in a safe condition, to 
identify potential new requirements that would decrease those effects, and to assess the safety 
advantages of such requirements in relation to the disadvantages of their imposition. Although 
identified as a multi-unit issue, the staff's work should include site emergencies such as fires and 
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other potential causes of widespread damage that might not be directly related to a particular unit. 
By including control room habitability challenges not initiated by a reactor accident, single unit 
sites would also be included. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
All efforts to address this issue are included in the plans for the resolution of Issue 83, "Control 
Room Habitability."  Included in these plans is a survey of a sample of U.S. control rooms at 
diverse plants and sites and an assessment of the capabilities of these control rooms and their 
habitability systems to meet GDC 5 and 19. In the event of deficiencies in the assessed 
capabilities, the costs and benefits of backfits needed to achieve those capabilities are to be 
assessed and, where justified, requirements specified. 
 
 
ITEM CH2.3B: CONTAMINATION OUTSIDE CONTROL ROOM 
 
Description 
 
The objective of this issue is to identify all plant areas to which human access would be necessary 
to either manage an accident at an affected unit or to maintain other units at a multi-unit site, to 
assess the dose consequences to personnel performing needed tasks within those areas, and to 
identify any potential measures for further reducing those consequences which could be justified 
by virtue of improved risk. 
 
The necessary information to perform the work required by this issue includes identification of risk-
dominant accidents and their corresponding accident management plans. For the identified 
accidents and the associated plant areas to which access is needed, generic estimates of 
contamination of those areas, in combination with generic measures of radiation shine from 
adjacent equipment and from other units, need to be developed. 
 
The identification of plant areas to which access is required occurred during resolution of TMI 
Action Plan48 Item II.B.2. It will be confirmed that these plant identifications are consistent with the 
accident management considerations being proposed in conjunction with the IPE. This work is 
incorporated in existing efforts in accident management research. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
This item consisted of review and coordination to assure that Chernobyl lessons were taken into 
account in the Accident Management Research Plan. The results of this issue would constitute an 
input to the Accident Management Research efforts. 
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As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH2.3C:  SMOKE CONTROL 
 
Description 
 
This issue called for the staff to assess the risk significance of smoke propagation from one unit to 
an adjacent unit and to address the question of whether additional protection/requirements should 
be developed. The staff will use fire risk assessments from four LWRs to assess the risk 
significance of smoke propagation. Based upon the results, the need for further work will be 
determined. This issue could affect existing and future plants. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH2.3D: SHARED SHUTDOWN SYSTEMS 
 
Description 
 
This issue called for the staff to determine whether sharing of systems required for safe shutdown 
among units at a multi-unit site should be prohibited and, if not, to what restrictions such sharing 
should be subjected. The staff is to determine requirements for shared systems and prepare 
guidance on the use of shared systems as part of the severe accident policy implementation. It is 
anticipated that only future plants will be affected by this issue. 
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In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH2.4: FIRE PROTECTION 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH2.4A: FIREFIGHTING WITH RADIATION PRESENT 
 
Description 
 
This issue called for the staff to determine: (1) whether there is a significant risk that radiation 
released during a fire or from the initiating event could 
limit firefighting capability; and (2) what additional measures, if any, such risk might necessitate. 
The staff will use existing representative fire risk studies from four LWRs to estimate risk. This 
issue could affect existing and future plants. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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TASK CH3: CONTAINMENT 

 
 
The Chernobyl accident, with its absence of effective containment, has focused attention on the 
strengths and performance limits of the substantial containments for U.S. LWRs. It has led to 
added recognition of the significance of ongoing work on the issue of whether U.S. containments 
that were built using criteria based on DBAs have adequate margins available to prevent the 
release of large quantities of fission products during severe accidents. Challenges include 
phenomena such as increased pressures from an uncontrolled hydrogen combustion or release of 
large quantities of noncondensible gases from core-concrete interactions. Venting the 
containment in case of certain severe accidents could be an effective way to preserve the long-
term containment functional integrity and reduce the uncontrolled release of radioactive material. 
This task, outlined in Chapter 3 of NUREG-1251,1174 summarizes the activities already in place in 
the areas of containment integrity and containment venting. 
 
 
ITEM CH3.1: CONTAINMENT PERFORMANCE DURING SEVERE ACCIDENTS 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH3.1A:  CONTAINMENT PERFORMANCE 
 
Description 
 
This issue called for the staff to determine whether the Chernobyl containment failure indicates 
that changes in U.S. containment or reactor design and operation requirements are warranted. In 
addressing this issue, the staff is expected to reflect Chernobyl experience, where relevant, in 
containment reviews under the Commission's Severe Accident Policy. 
 
An existing set of tasks relating to adequate containment performance was underway in the U.S. 
before the Chernobyl accident. These tasks (IPE, the development of accident management 
strategies, containment performance, and NUREG-1150)1081 are related to determining whether 
the existing design and operation of U.S. commercial reactors provide an adequate level of safety 
or whether changes in regulatory guidance are required. The Chernobyl accident adds to the 
information base only indirectly because of differences in reactor types and containment (or 
confinement) approaches. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue considered is to be a licensing issue. 
 
Conclusion 
 
Efforts to address this issue were underway, as noted in SECY-87-297.  No separate projects or 
assessments were envisaged. 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
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regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH3.2: FILTERED VENTING 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH3:2A: FILTERED VENTING 
 
The issue called for the staff to determine whether U.S. containments should be backfitted with 
filtered vents to mitigate the consequences of severe accidents as is being proposed and 
implemented in Europe. The Chernobyl accident heightened interest in this issue, though the 
issue itself has no specific Chernobyl counterpart. The purpose of this issue is to develop 
information to be used in assessing filtered vents proposed for U.S. reactors and to advise the 
Commission on whether such systems should be required for specific categories of U.S. reactors. 
The staff will assess the filtered venting technology emerging from European research and 
applications for potential U.S. reactor severe accident improvements. This work is a non-
distinguishable part of the development of accident management strategies and containment 
performance assessments. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, the issue considered is to be a licensing issue. 
 
Conclusion 
 
As reported in the Supplement to NUREG-0933 published in 1989, venting was being studied by 
INEL under staff contracts.  This study required an assessment of European research and 
applications and keeping abreast of relevant literature and participation in international evaluation 
activities.  One such activity was the Nuclear Energy Senior Group of Experts on Severe 
Accidents meeting on Filtered Containment Venting Systems held in May 1988 in Paris and the 
preparation of a "white paper" on the technology and related issues.  No separate projects or 
assessments arising from Chernobyl were envisaged. 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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TASK CH4: EMERGENCY PLANNING 

 
 
A number of facts about the Chernobyl accident have some bearing on emergency planning and 
preparedness around U.S. commercial nuclear power plants. This task, outlined in Chapter 4 of 
NUREG-1251,1174 called for the staff to examine the implications of the accident and the Soviet 
response for four aspects of U.S. emergency planning: (1) size of the emergency planning zone 
(EPZ); (2) medical services; (3) ingestion pathway measures; and (4) decontamination and 
relocation. 
 
 
ITEM CH4.1: SIZE OF THE EMERGENCY PLANNING ZONES 
 
Description 
 
The Chernobyl accident focused attention on the adequacy of the size of EPZs around U.S. 
commercial nuclear power plants. The Soviets evacuated a total of about 135,000 people as well 
as considerable farm livestock from Pripyat, Chernobyl, and other towns and villages within 18 
miles of the Chernobyl power plant. This evacuation appears to have taken place in several 
stages, beginning for the approximately 45,000 residents of Pripyat about 36 hours after the initial 
release and extending over several days to a week. The whole-body radiation dose to the majority 
of individuals did not exceed 25 rem, although about 24,000 persons in the most severely 
contaminated areas are estimated to have been exposed to whole-body doses in the range of 35 
to 55 rem. The population of Pripyat was initially sheltered as a protective measure and then 
evacuated when radiation readings increased. In addition to radiation considerations, logistics and 
contamination control influenced the timing of the evacuation. Despite an apparent lack of site-
specific planning, the Soviets mounted a large and generally effective ad hoc response making 
use of some aspects of civil defense planning. The high initial plume contributed to relatively low 
initial dose rates in the immediate vicinity. In addition, efforts by the Soviets to prevent rainfall in 
the immediate vicinity (by cloud seeding other areas) and the spraying of a chemical polymer on 
evacuation routes to minimize resuspension of deposited activity were also beneficial. The Soviets 
took ingestion pathway protective measures within the 18-mile zone and well beyond. Ingestion 
pathway protective measures were also taken in several Soviet bloc countries, in Scandinavia, 
and in Eastern and Western Europe. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
The Chernobyl accident and the Soviet response did not reveal any apparent deficiency in U.S. 
plans and preparedness, including the 10-mile plume exposure pathway EPZ size and and the 
50-mile ingestion exposure pathway EPZ size. These zones provide an adequate basis to plan 
and carry out the full range of protective actions for the population within these zones as well as 
beyond them, if the need should arise. Any changes in EPZ sizes should be based on revised 
insights coming from current U.S. research on severe accident releases. No recommendation 
resulted from this item which was dropped from further consideration. 
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ITEM CH4.2: MEDICAL SERVICES 
 
Description 
 
At Chernobyl, KI was distributed to school children within about 6 hours of the accident and to the 
entire population of Pripyat the morning of the following day; ultimately, it was given to the 
population in the 18-mile zone and other areas. The Soviets reported no serious adverse 
reactions to KI. Polish authorities also distributed KI to the population in parts of eastern Poland. 
This issue called for the staff to review the adequacy of the U.S. Government's policy on KI and 
the adequacy of medical services around U.S. nuclear power plants. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
The apparently successful use of KI by the Soviets did not alter the validity of U.S. Government 
policy that pre-distributing or stockpiling KI for use by the general public should not be required; 
rather, this decision should be made by individual States and by local authorities. Further, the staff 
concluded that the present arrangements and future plans for medical services around U.S. 
commercial nuclear power plants are adequate. The national capability is both substantial and 
growing. Also, the international offers of medical support to the Soviet Union following the 
Chernobyl accident demonstrate that the U.S. regional and national medical response can be 
augmented, if necessary by a response from the international medical community. No 
recommendation resulted from this item which was dropped from further consideration. 
 
 
ITEM CH4.3: INGESTION PATHWAY MEASURES 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH4.3A: INGESTION PATHWAY PROTECTIVE MEASURES 
 
Description 
 
After the Chernobyl accident, human and animal food chains in the Soviet Union and other 
European countries were contaminated to varying degrees. The Soviet and other affected 
governmental authorities took measures, both short-term and long-term, to protect the public from 
receiving unacceptably high levels of radiation through consumption of contaminated food. The 
contamination level findings and the experience with the Soviet and other European control 
measures could provide important extensions of the data base for planning of protective 
measures in the U.S. This issue called for the staff to participate with FEMA and other Federal 
and appropriate international agencies in planning and eventual execution of efforts to obtain 
available information on the Soviet and other European post-Chernobyl ingestion pathway 
contamination and control measures experience and analyze that information in relation to U.S. 
understanding of the issue. 
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The work is expected to be done primarily under FEMA's coordination together with other 
appropriate Federal agencies, such as FDA and EPA, and international agencies such as IAEA. 
The NRC will participate in this work to assure adequate representation of NRC's interest in the 
effort and to obtain the information needed for NRC's purposes. The information to be sought is 
expected to encompass contamination level findings for various human and animal foodstuffs, as 
well as water bodies, including variation with time and place, and the nature, timing, effectiveness, 
and problems of various protective measures taken by the affected countries. Future analyses are 
expected to relate findings to U.S. source term research results. The work of CY 1988 is expected 
to be devoted primarily to establishment of interagency and international contracts and 
arrangements and development of a research plan, in cooperation with FEMA and other 
agencies. The plan is expected to encompass both near-term work, focusing on the short-term 
experience, and long-term plans for a number of future years, for lessons of the long-term 
experience. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH4.4: DECONTAMINATION AND RELOCATION 
 
This item consists of two recommendations that are evaluated separately below. 
 
ITEM CH4.4A: DECONTAMINATION 
 
Description 
 
The practicality and effectiveness of measures to decontaminate structures, land, etc. after a 
major accident can be a significant factor in evaluation of accident consequences as well as in 
formulation of plans and approaches for post-accident decontamination. The experience with 
post-Chernobyl decontamination in the Soviet Union could provide important extensions of the 
data base. This issue called for the staff to participate with FEMA and other Federal and 
international agencies in planning and eventual execution of efforts to obtain available information 
on the Soviet post-Chernobyl decontamination experience and analyze that information in relation 
to U.S. understanding of the issue. 
 
The work is expected to be done primarily under FEMA's coordination, together with other 
appropriate federal agencies such as EPA and FDA and international agencies such as IAEA. 
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The NRC will participate in this work to assure adequate representation of NRC's interest in the 
effort and to obtain the information needed for NRC's purposes. The information to be sought is 
expected to encompass methods, timing, and effectiveness of decontamination of various areas 
and objects. Future analyses are expected to relate findings to U.S. source term research results. 
The work in CY 1988 is expected to be devoted primarily to establishment of interagency and 
international contacts and arrangements and development of a research plan, in cooperation with 
FEMA and other agencies, in connection with acquisition and analysis of Soviet information that 
may become available over the next several years. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM CH4.4B: RELOCATION 
 
Description 
 
Notwithstanding cultural and socioeconomic differences, the Soviet experience in connection with 
post-accident evacuation and relocation of the population of contaminated towns and villages near 
the Chernobyl reactor may well offer valuable lessons for U.S. emergency planning. This issue 
called for the staff to participate, with FEMA and other appropriate Federal and international 
agencies, in developing plans and arrangements for learning about and from the Soviet post-
Chernobyl relocation experience. 
 
Plans and interagency and international arrangements will be developed, under FEMA 
coordination, together with other Federal agencies and international bodies such as IAEA. 
Logistical, socioeconomic, health, and psychological considerations are expected to be included 
in the information to be sought. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
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regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
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TASK CH5: SEVERE ACCIDENT PHENOMENA 

 
 
The highly energetic reactivity excursion accident at Chernobyl mechanically disrupted the core, 
rapidly vaporized the water coolant with which the fragmented fuel came into contact, and 
generated combustible hydrogen by chemical reaction of core materials (notably zirconium) and 
water at the high temperatures reached in the accident. Because of basic design differences 
between the RBMK reactor of Chernobyl and U.S. LWRs, the specific accident mechanisms 
involved at Chernobyl have no exact parallel in U.S. reactors. However, this task, outlined in 
Chapter 5 of NUREG-1252,1174 called for the staff to assess Chernobyl phenomena for analogous 
implications of radionuclide releases, steam explosions, and combustible gas generation and 
deflagration control in U.S. reactors. 
 
 
ITEM CH5.1: SOURCE TERM 
 
This item consists of two recommendations that are evaluated separately below. 
 
ITEM CH5.1A: MECHANICAL DISPERSAL IN FISSION PRODUCT RELEASE 
 
Description 
 
The initial release of fission products that occurred at Chernobyl was the result of mechanical 
dispersion. Such a mechanism is possible in LWRs within the containment during energetic 
events such as high pressure melt ejection, steam explosions, and hydrogen combustion. 
Although such events are being studied with regard to their likelihood of occurrence and their 
consequences, associated mechanical releases of fission products have not been quantified in 
current source term models and the study of such releases has only just begun to receive 
attention. Because some of these phenomena appear to have played a dominant role in the 
releases at Chernobyl, it is important to understand these phenomena more completely. This 
issue called for the staff to introduce the Chernoby lessons into ongoing work to improve the 
understanding of mechanical dispersal phenomena and to improve the modeling in NRC source 
term assessment codes. 
 
Current research on mechanical dispersion is being performed in three specific areas: direct 
containment heating (or high pressure melt ejection), steam explosions, and hydrogen 
combustion. For direct containment heating, the scope of current research is to develop a 
capability to analyze the consequences of this phenomenon. This can be accomplished by 
generating an experimental data base and, by developing an analytical model based on this data 
base which will be subsequently incorporated in an integrated code for containment analyses. In 
the area of hydrogen combustion, present work includes a scoping study on mechanisms of 
aerosol re-suspension and volatilization during hydrogen combustions. Specifically, experiments 
are being conducted to investigate the re-suspension of aerosols (radioactive or otherwise) that 
have been previously deposited on containment surfaces, by mechanical or thermal processes 
during the occurrence of hydrogen combustion, and to investigate the volatilization and expulsion 
of airborne aerosols in the containment by similar processes. The new information will 
subsequently be incorporated into the lumped parameter code HECTR and the finite difference 
code HMS-BURN for consequence analyses. 
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In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM CH5.1B: STRIPPING IN FISSION PRODUCT RELEASE 
 
Description 
 
The late enhanced release of fission products during the Chernobyl accident may be attributable 
to the chemical and/or thermal stripping of UO2 fuel. Such mechanisms have been observed in in-
pile and out-of-pile experiments when UO2 fuel rods were exposed to steam or high temperatures 
and other severe degraded core conditions. During the process of thermal stripping, for example, 
fission products were released in proportion to the amount of UO2 vaporized. The rate of fission 
product release is thus controlled by UO2 vaporization. 
 
Fission product release by chemical and thermal stripping mechanisms is not modeled in current 
severe accident source term codes. The Chernobyl accident has demonstrated that such 
mechanisms can be important in fission product release under some conditions. This issue called 
for the staff to introduce Chernobyl lessons into the continuing research on chemical and thermal 
stripping and to obtain sufficient data for model development and assessment. 
 
The scope of present research on UO2 stripping is to complete ongoing experiments investigating 
thermal stripping mechanisms, to collect and review experimental data on chemical stripping 
mechanisms from Severe Fuel Damage Program participants, and to apply both the thermal 
stripping and chemical stripping data to improve present fission product release codes. For 
chemical stripping, the present experimental program may have to be expanded to study UO2 
stripping by air oxidation. This recommendation involves coordination to assure that the ongoing 
work adequately reflects the Chernobyl lessons. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
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regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
ITEM CH5.2: STEAM EXPLOSIONS 
 
This item consists of one recommendation that is evaluated below. 
 
ITEM CH5.2A: STEAM EXPLOSIONS 
 
Description 
 
No specific research is currently underway or planned on reactivity insertion accident (RIA) 
prompt-burst steam explosions with fuel-vapor-driven fragmentation and mixing of the molten fuel 
and water that are relevant to the Chernobyl accident. Such work is currently not believed to be 
necessary, subject to confirmation in the light of results of the Chernobyl follow-up reactivity 
transient study (Item 2.1A). 
 
The vapor-driven fragmentation and mixing of the interspersed fuel and coolant in prompt-burst 
power excursions in the Chernobyl accident has been strongly contrasted in the past to the 
pouring mode of contact found in the slow meltdown situations relevant to current U.S. 
commercial reactors. Hence the Chernobyl accident has little relevance to the staff's current 
treatment of steam explosions and alpha-mode containment failure. This issue called for the staff 
to characterize RIA steam explosions. 
 
Current steam explosion research consists primarily of developing and assessing the semi-
mechanistic Integrated Fuel Coolant Interaction (IFCI) computer model, which includes hydrogen 
generation, for integration into an in-vessel melt progression code. IFCI provides a mechanistic 
treatment of both the pre-explosion mixing phase and the explosion phase (if conditions permit), 
but IFCI does require a parametric input trigger for the explosion. Work is also continuing on using 
existing experimental data for modeling the non-explosive mixing phase of the interaction. 
 
If further work for U.S. reactors on RIA steam explosions is found to be needed, this would be 
performed as part of an overall investigation of RIAs and it is in this context that the specific work 
scope would be planned. Currently work is underway to assess the effect of in-vessel steam 
explosions on in-vessel core melt progression in light-water reactor accidents. 
 
In pursuing this issue, the staff is expected to increase its knowledge, certainty, and 
understanding of safety issues in order to increase its confidence in assessing levels of safety. 
Therefore, this issue is considered to be a licensing issue. 
 
Conclusion 
 
As a part of the improvements to NUREG-0933, the NRC staff clarified in SECY-11-0101, 
“Summary of Activities Related to Generic Issues Program,” dated July 26, 2011,1967 that the 
Generic Issues Program will not pursue any further actions toward resolution of licensing and 
regulatory impact issues. Because licensing and regulatory impact issues are not safety issues 
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by the classification guidance in the legacy Generic Issues Program, these issues do not meet 
at least one of the Generic Issues Program screening criteria and do not warrant further 
processing in accordance with Management Directive 6.4, “Generic Issues Program,” dated 
November 17, 2009.1858 Therefore, this issue will not be pursued any further in the Generic 
Issues Program. 
 
 
ITEM CH5.3: COMBUSTIBLE GAS 
 
Description 
 
The Soviet RBMK design utilizes large amounts of zirconium and graphite in the reactor core, 
both of which may oxidize under certain conditions resulting in the generation of large quantities of 
combustible gases, principally hydrogen and carbon monoxide. The generation of large quantities 
of combustible gases was not apparently considered as part of the Soviet containment design. 
The Chernobyl accident produced reactor core conditions that may have led to the generation of 
large quantities of combustible gases which, in turn, may have influenced the evolution and 
consequences of the accident. 
 
The need to deal with the generation of combustible gas, principally hydrogen, as a consequence 
of reactor accidents has been recognized in the U.S. since the early days of LWRs. The burning 
and/or detonation of combustible gases are of concern in reactor safety for several reasons. First, 
a large enough energy release might threaten the integrity of the containment. Second, even if the 
containment survived, important safety equipment might be irreparably damaged, thus increasing 
the severity of the accident. Furthermore, since significant amounts of hydrogen can be generated 
early in the evolution of a severe reactor accident (i.e., before the reactor vessel fails), combustion 
can result in containment failure before expulsion of the molten core, leading to the largest 
radioactivity releases to the environs. 
 
Conclusion 
 
In summary, although the conditions that existed during the Chernobyl accident may have caused 
large amounts of combustible gases to generate, it cannot be concluded from the available data 
that these gases were generated by some new or different mechanisms or produced 
consequences not previously investigated as part of severe-accident analyses for U.S. reactors. It 
is difficult to apply observations from the Chernobyl accident to U.S. plants because of significant 
design differences between the RBMK and nuclear power reactors in the United States; 
furthermore, the NRC staff still lacks detailed accident data.  Considering the preliminary 
evaluation, it does not appear that any additional work is warranted solely on the basis of the 
Chernobyl event. The staff concludes that its current and proposed research program on 
combustible gas phenomena in conjunction with the study of severe accidents would be adequate 
for addressing this issue in U.S. reactors. 
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